
^ ^ I o N AL C II E A-r I c A 1. E 1? I I*: 

II ''I^^KIIBOT Pi:r n a..-ix 


|raOT. P„.D.. SC..D., Consult, .N« Ei>rrojj 


CALCULATIONS OF 

quantitative chemical analysis 


fhogrammb 



INTERNATIONAL CHEMICAL SERIES 

(H. P. Talbot, Ph.D., Sc.D., Consulting Editor) 


Bancroft — 

^IST^Y COLLOID CHEM- 
Bingham — 

FLUIDITY AND PLASTICITY 
Cady — 

INORGANIC CHEMISTRY 
Cady — 

GENERAL CHEMISTRY 
QrifUn — 

TECHNICAL METHODS OF 
ANALYSIS 

As Employed in the Labors- 
rj Little. Inc. 

Hdll dTl^ rr 

chemical and metallo- 
®gAPHIC EXAMINATION 
o|a^|ow, steel and 

Hamilton and Sim-paon — 

OF quan- 
titative CHEMICAL 
analysis '-““•‘“i'-AL 

Loch—^ 

PROTEINS AND THE 
COLLOIDAL 

Ztord and B&morest-— 

metallurgical analy- 

oXS 

Fourth Edition 
Mahin — 

ANALYSIS 

inird Edition 
Mahin and Carr — 

qu^titative agricul- 
tural ANALYSIS 


Millard — 

Moore — 

HISTORY OF CHEMISTRY 
Norrts — 

INORGANIC 

CHEMISTRY FOR COL- 

Norris and Mark — 

1'AlPJi‘Ji’®’'’ EXERCISES 
IN inorganic CHEMIS- 

1 K X 
Norris — 

ORGA^NIC CHEMISTRY 

Second Edition 
Norris — 

®^hem?s¥r¥'' 

Second Edition 
Parr — 

analysis OP FUEL. GAS 
■ri.- and LUBRICANT^ 

Third Edition 
Robinson — 

THE ELEMENTS OF FRAC- 

tional distillation 

White — 

™anaS 

Second Edition 
Williams — 

PMNCIMES OF METALLO- 

vrRAPHY 
Woodman — • 

^ FOOD ANALYSIS 
Long and Anderson-— ’ 

CHEMICAL CALCULATIONS 



CALCULATIONS OF 
ANTITATIVE CHEMICAL 
ANALYSIS 


LEICESTER F. HAMILTON, S. B, 

assistant propessob of analytical chemistry, 
Massachusetts institute op technot.o«v 


AND 


STEPHEN Gr. SIMPSON, S. B, 


First Edition 
Third Impression 


J^Rogramme 


McGRAW-HILL BOOK COMPANY, Inc. 
NEW YORK: 370 SEVENTH AVENUE 

LONDON: 6 & 8 BOUVERIE ST., E. C. 4 

1922 


Copyright, 1922, by the 
McOraw-Hill Book Company, Inc, 

PRINTED IN THE UNITED STATES OP AMERICA 



THE MAPLE PRESS - YORK PA 


PREFACE 


Instruction in Quantitative Chemical Analysis is usually 
divided between laboratory exercises and class-room lectures or 
recitations. The laboratory exercises serve to illustrate the 
various chemical principles which are discussed in the class-room, 
and to give opportunity for acquiring manipulative skill in the 
use of chemical apparatus. Quantitative Analysis is a very 
practical branch of chemistry, however, and a knowledge of the 
chemical principles involved and the acquirement of manipulative 
skill are of little practical value unless they are accompanied by 
an ability to compute and interpret results from analytical data, 
and to do this quickly and correctly. Consequently, in a well 
balanced course of instruction it is necessary to devote a portion 
of the time to stoichiometric principles and to the solution of 
practical and illustrative problems. To decide just how much 
time should be devoted to this phase of the subject is often a 
matter of considerable difficulty, especially when the time avail- 
able for the course is limited. It has usually been necessary to 
choose between twm procedures, — either to include the stoichio- 
metric discussions in the class-room work, or to allow the student 
to shift for himself and make the necessary calculations by any 
methods he may devise. 

The authors believe that class-room work in Quantitative 
Analysis should be devoted primarily to the discussion of chemi- 
cal principles and that too extensive discussion of mathe- 
matical computations must seriously encroach upon time which 
may be devoted to more essential topics. On the other hand, 
when left to himself, the student evolves methods of computation 
which are often inaccurate and almost always laborious and 
time-consuming. 

It is with the view of solving these difficulties that this volume 
has been prepared. It attempts to attain the following objects: 
(1) to allow the instructor to devote more time in the class- 
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room to the chemistry of Quantitative Analysis; (2) to aid the 
student in grasping stoichiometric principles without extensive 
personal instruction; (3) to provide ample material for home 
assignments and quizzes; (4) to prepare the way to more difficult 
problem work in Physical Chemistry and Chemical Engineering. 

In preparing this book, the material has been divided into 
numerous short chapters. Each chapter contains groups of 
problems similar to those discussed in the corresponding text, 
and finally, a large number of miscellaneous problems are given 
several of which are taken from past examination papers at the 
Massachusetts Institute of Technology. Altogether, about six 
hundred problems are included, all of which may be solved by 
simple arithmetic or algebra. An attempt has been made to 
cover nearly all the common analytical procedures and to furnish 
enough material to allow considerable variation in assignments 
from year to year. Although the problems are devoted primarily 
to Quantitative Analysis, other phases of chemical work are 
purposely included in order that the student may have opportu- 
nity to apply the knowledge which he has already acquired from 
his previous courses. The question of the advisability of 
including answers has been given some attention. In the case of 
problems used for purposes of self-instruction, the inclusion of 
answers is highly advisable, but in the case of problems assigned 
for home work and especially for quizzes, it is oftentimes desir- 
able that the answers be omitted. In view of the fact that a 
large number of problems are given, it has been thought best to 
effect a compromise and include answers to about one-half of 
the problems. 

The authors wish to acknowledge their indebtedness to Pro- 
fessor R. S. Williams whose suggestions and advice have been 
invaluable. Thanks are also due M. M. Green and C. E. Carlson 
for assistance in reading the proof and for other services. 

The authors will welcome any corrections of mathematical or 
typographical errors which may be called to their attention. 

L. F. H. 

S. G. S. 

Cambridge, Mass., 

May, 1922 . 
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CALCULATIONS OF QUANTITATHE 
CHEMICAL ANALYSIS 

PART I 

GENERAL AND GRAVIMETRIC ANALYSIS 

CHAPTER I 

COMPUTATION RULES OF QUANTITATIVE ANALYSIS 

1. Factors lEfiuencing the Reliability of Analytical Results. — 
Quantitative Chemical Analysis deals with the methods of 
determining the proportions in which constituents and compo- 
nents are present in given compounds or mixtures. For con- 
venience, the subject is divided into three parts, — Gravimetric 
Analysis, Volumetric Analysis, and Gas Analysis, and all methods 
involve the careful measurement of masses and volumes of 
chemical substances. From the numerical data obtained from, 
these measurements the desired proportions may be calculated. 
It is found, however, that duplicate analyses of the same sub- 
stance, even when made by experienced analysts following 
identical methods, rarely give numerical values which are 
exactly the same. Furthermore, the general discrepancy be- 
tween results is found to depend upon the method used, and an 
analytical result obtained by one procedure may differ from a 
.similar result obtained by an entirely different procedure. The 
most important factors which thus influence the precision of 
analytical results are probably the following: (1) the manipu- 
lative skill of the analyst; (2) the experimental errors of the 
procedure itself, such as the slight solubility of substances 
assumed to be insoluble or the contamination of precipitates 
assumed to be pure; (3) the accuracy of the measuring instru- 
ments used; and (4) sudden fluctuations of temperature and baro- 
metric pressure. In order, therefore, that a numerical result 
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obtained from chemical measurements may be of scieiitilic or 
technical value, the result must be accompanied by data which 
will give to an observer at least a general idea of its reliability. 

2. Significant Figures as a Means of Expressing Reliability.— 
In general, the precision of a numerical result is best expressed 
by means of so-called ‘^precision measures” and ^Meviation 
measures” such as are used in accurate physical measurements. 
In chemical computations, however, such methods of expression 
are usually inconvenient, and the precision measures are often- 
times difficult or impossible to determine. In such cases the 
precision of a numerical value is best indicated by the number of 
significant figures used in expressing that value. It is true that 
this method of expression gives only an approximate idea of the 
reliability of a result, but the importance of the retention of the 
proper number of significant figures in analytical data cannot be 
over-emphasized. A numerical result expressed by fewer or 
more significant figures than are warranted by the various factors 
involved may give to an observer an impression nearly as errone- 
ous as would be given by a result which is absolutely inaccurate. 

3. Rules Governing the Use of Significant Figures in Chemical 
Computations. — The following definitions and rules are suggested 
by those given in Goodwin^s '‘Precision of Measurements:” 

A number is an expression of quantity. 

A figure, or digit, is any one of the characters : 0, 1, 2, 3, 4, 5, 6, 
7, 8, 9, which, alone or in combination, serve to express numbers. 

A significant figure is a digit which denotes the amount of 
the quantity in the place in which it stands. In the ease 
of the number 243, the figures signify that there are two 
hundreds, four tens, and three units, and are therefore all signifi- 
cant. The character, 0, is used in two ways. It may be used as 
a significant figure, or it may be used merely to locate the decimal 
point. It is a significant figure when it indicates that the quan- 
tity in the place in which it stands is known to be nearer zero than 
to any other value. Thus, the weight of a crucible may be 
found to be 10.603 grams, in which case all five figures, including 
the zeros, are significant. If the weight in grams of the crucible 
were found to be 10.610, meaning that the weight as measured 
was nearer 10,610 than 10.609 or 10.611, both zeros would be 
significant. 
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By analysis, the weight of the ash of a quantitative filter-paper 
is found to be 0.00003 gram. Here, none of the zeros are 
significant, but merely serve to show that the figure 3 belongs in 
the fifth place to the right of the decimal point. Any other 
characters except digits would serve the purpose as well. The 
same is true of the value 356,000 inches, when signifying the 
distance between two given points as measured by instruments 
which are accurate to three figures only. The zeros are not 
.significant. , 

Rule J. — Retain as many significant figures in a result and in | 
data in general as will give only one uncertain figure. (For very 
accurate work involving lengthy computations, two uncertain 
figures may sometimes be retained.) Thus, the value 25.34, 
representing the reading of an ordinary burette, contains the 
proper number of significant figures, for the digit 4 is obtained 
by estimating an ungraduated scale division, and is doubtless 
uncertain. Another observer would perhaps give a slightly 
different value for the burette reading, — for example, 25.33 or 
25.35. All four figures should be retained. 

Rule II.— In rejecting superfluous and inaccurate figures, 
increase by 1 the last figure retained if the following rejected 
figure is 5 or over. Thus, in rejecting the last figure of the 
number 16.279, the new value becomes 16.28. 

Rule III . — ^In adding or subtracting a number of quantities, 
extend the significant figures in each term and in the sum or 
difference only to the point corresponding to that uncertain 
figure occurring farthest to the left relative to the decimal point. ^ ^ ^ 

For example, the sum of the following three terms: 0.0121, ' 

25.64, and 1.05782, assuming the last figure in each to be un- 
certain, is 

0.01 

25.64 

1.06 

26.71 

Here it is seen that the second term has its first uncertain figure 
(the 4) in the hundredths place, the following figures being un- 
known. Hence it is useless to extend the digits of the other 
terms beyond the hundredths place even though they are given 
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to the ten thousandths place in the first term and to the hundred 
thousandths place in the third term. The third digit of the third 
term is increased by 1 in conformity with Rule II above. The 
fallacy of giving more than four significant figures in the sum 
may be shown by substituting x for each unknown figure. Thus, 

0.0121X 
25 . 64xxx 
1.05782 


26.71XXX 

Rule IV , — In multiplication or division, the percentage pre- 
cision of the product or quotient cannot be greater than the per- 
centage precision of the least precise factor entering into the 
computation. Hence, in computations involving multiplication 
or division, or both, retain as many significant figures in each 
factor and in the numerical result as are contained in the factor 
having the largest percentage deviation. In most cases, as 
many significant figures may be retained in each factor and in 

y 5®sult as are contained in the factor having the least number 

i; of significant figures. 

For example, the product of the three terms: 0.0121, 25.64, 
and 1.05782, assuming the last figure in each to be uncertain, is 
0.0121 X 25.6 X 1.06 = 0.328, 

for if the first term is assumed to have a possible variation of one 
in the last place, it has an actual deviation of one unit in every 

121 units, and its percentage deviation would be X 100, = 

0.8. Similarly, the possible percentage deviation of the second 

term would be X 100, = 0.04, and that of the third term 

would be X 100, = 0.0009. The first term, having the 

largest percentage deviation, therefore governs the number of 
significant figures which may be properly retained in the product, 
foi the product cannot have a precision greater than 0.8 per 
cent. That is, the product may vary by 0.8 parts in every 
hundred or by nearly three parts in every 328. The last figure 
in the product as expressed with three significant figures above 
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is therefore doubtful and the proper number of significant figures 
has been retained. , 

Rule V . — Computations involving a precision not greater than 
one-fourth of one per cent should be made with a slide rule. 
For greater precision, logarithm tables should be used. If the 
old style method of multiplication or division must be resorted to, 
reject all superfluous figures at each stage of the operation. 

Rule b 1 . In carrying out the operations of multiplication or 
division by the use of logarithms, retain as many figures in the 
mantissa of the logarithm of each factor as are properly con- 
tained in the factors themselves under Rule IV. Thus, in solving 
the example given under Rule IV, the logarithms of the factors 
are expressed as folio ws: 

logo. 0121 = 8.083 - 10 
log 25.64 = 1.409 

log 1.05782 = 0.024 


9.516 - 10 = log 0.328 

4. Solution of Numerical Problems.— In calculating numerical 
results from chemical data which have been obtained under 
known conditions and by known methods, little diflficulty should 
be experienced in forming an approximate estimate of the relia- 
bility of the various factors and of the results obtained. In the 
case of numerical problems which are unaccompanied by any 
data to show the conditions under which the various measure- 
ments were made or the precision of the values given, the reten- 
tion of the proper number of significant figures in the final 
computed i-esults may be a matter of considerable judgment. In 
such cases the above rules are subject to modification, but in any 
case it should be remembered that the use of a certain amount 

of common sense and judgment in no way detracts from their 
value. 

In answering problems in this book, it may be assumed that 
the given data conform to Rule I, above. In problems involving 
such statements as “a 2-gram sample,” or “15 c.c. of titrating 
reagent, ” the precision obtainable with an ordinary chemical 
balance, burette, or other measuring apparatus is understood, j 
Under such conditions, these values would be 2.0000 grams and 
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15.00 c.c. respectively, with the last figure uiicerMii iu each case.' 
Similarly, it may be assumed that the normality of a “tenth 
normal solution” is known to a precision at least as great as 
that of the other factors involved. 

It oftentimes happens that independent calculations from given 
data give results which disagree only by one or two units in the 
last significant figure retained. This is usually due to the fact 
that figures have been rejected at different stages of the opera- 
tions involved, but this is usually of no importance, since when 
properly expressed, the last significant figure in the result is 
doubtful anyway. 

It should also be remembered that the atomic weights of the 
elements are known only to a limited number of significant 
figures, and in the absence of further data, it may be assumed 
that the values ordinarily given in atomic weight tables con- 
form to Rule I above, and that in the last figure in each is usually 
doubtful. It follows therefore that the same attention must 
be paid to the reliability of the atomic and molecular weights 
involved in computations as to that of any other data. 

Problems 

1. How many significant figures are in the value 2.27 X 10“9? In the 
value 5000.002? 

Am, Three. Seven. 

2. How many significant' figures are in the value 16 X lO^? In the 
value 16.00 X 103? 

Am. Two. Four. 

. 3/ In the following multiplication the last figure in each of the three 

factors is uncertain. How many significant figures are contained in the prod- 
uct as given, and which digits should be rejected as superfluous? 

2,0000 X 0.30 X 500 = 300.00 

iins. Two. The last two. 

4. Assuming the last significant figure in each value to be uncertain, 
what per cent of 0.141729 is 0.0058? 

Ans. 4.1 per cent. 

6. Multiply by arithmetic, by logarithms, and by slide rule the following 
terms, regardless of their precision : 

(16.92) (0 0673) (2.1 X lO"') 

Compare the results. Solve assuming the last significant figure in each to 
be uncertain. 

Am. 0.0023913036; 0.002391; 0.00239; 0.0024. 
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6. One kilograni — 2.2046223-{“ pounds. In converting the value 0.384(.J 
kilogram to pounds, knowing the last figure to be uncertain, what method 
should be used, and what is the numerical result? 

Am. Four-place logarithms; 0.8467 lb. 

7. A temperature of 27.9®C. is taken with a thermometer graduated 
to single degrees only, A pressure of 762,3 millimeters of mercury is read 
from a barometer accurately graduated to tenths of a millimeter. Multiply 
these two factors together, retaining the correct number of significant figures 
in each and in the product obtained. 

21,300. 

8. In measuring the length of a certain object, three measurements were 

taken and the following values were obtained: 67.27, 67.23, and 67.20 feet. 
In converting the length to inches, how many figures should be retained in 
the answer? If the length were known to be 67.250 feet what is the percent- 
age deviation of each of the above values from the true value? In convert- 
ing them all into inches, what would be the percentage deviation of the result 
in each case? 

Am. Four. 0.03 per cent; 0.03 per cent; 0.07 per cent; 0.03 per cent; 
0.03 per cent; 0.07 per cent. 

9* A sample of building sand is sold with the guarantee that 
97.6 per cent of the material will pass through a 20-mesh sieve. Only 
rough scales, accurate to one gram, are available for use. What is the 
approximate weight of material which should be sifted in order to verify 
the specifications? 

Am. 975 grams. 

10. It is necessary to solve the following: 

(1.276 X 0.00047) -f (1.7 X 10"0 - (0.0021764 X 0.0121) each term 
being uncertain in the last significant figure. Should you use arithmetic, 
logarithms, or a slide rule in the multiplications? What is the final answer? 
Am. Slide rule. 7.5 X 10";''*. 

11. The percentage of carbon in a sample of steel is found to be 0.42 per 
cent. The calculations involve only multiplication and division. To how 
many decimal places would you weigh out a one-gram sample in order to 
duplicate the result? 

Am. Two decimal places. 

12. In running a test it was necessary to multiply grams per liter (129.3) 

by the number of liters (11.5), and to subtract from the product the value 
obtained by multiplying 1.973 grams per liter and 7.3 liters. The result as 
reported was 1472.5471 grams. \^liich significant figures should be 
rejected? If each value of the data given may differ from the true value 
by one in the last place, what is the percentage error of the least precise 
term? ’ ■ • • ■ 

Ajis. The last six figures; 1 per cent. 5 ' 

13. In standardizing a solution the values 1.090 and 1.097 are obtained 
for the normality. It is knowm that in titrations this solution is to be used C 
in amounts of less than 10 c.c., the volumes being read from a burette to 
hundredths of a c.c., and the last figure estimated. In calculation, the 

^ \| 
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nonuality js to be multiplied by the number of e.c. Is it necessary to attempf 
to obtain a closer check m the standardization of the solution? 

Ans. ' No. 

14. In calculating an analytical result, it is necessary to convert a weighed 
amount of silver chloride (1.37 grams) to metallic silver. This is done bv 

®Woride by the atomic weight of silver 
i J. molecular weight of silver chloride (107.88 

+ >5^46). Express the required weight of silver by the correct number of 
signmcant figures. 

Aw. 1.04 grams. 

16 Two analysts working independently on the same sample of steel 
report duplicate analyses as follows: 

Analyst 1: Sulphur = 0.042 per cent 

0 . 040 per cent 

Analyst 2: Sulphur = 0.04178 per cent 
0.04176 per cent 

Both men use a 3.5-gram sample weighed to the nearest tenth of a gram. 

s ^ in his report? Do his figures necessarily indicate 

greater ability as an analyst? 

No. No. 

liie,. The c^culation of a certain analysis involves only multiplication and 
division. Directions caU for a 6-gram sample, and the analyst knows that - 
m constituent sought is approximately (a) 1 per cent: 

• V, j sample. How accurately must the sample be 

m tt'o tr* “• “ay be justified in expressing the result 

to two figures beyond the decimal point? 

Am. (a) 5.00 ± 0.05; (6) 5.000 ± 0.005. - . 

foimd hvtto aa analytical result, a value which has been 

found by two analyses to be 0.1129 and 0.1137 is to be multiplied by 1 36 c c 
as measured by an ordinary burette graduated to tenths of a cubic centi- 
0 154*^ proper number of significant figures. 

18. A value which has been found by two analyses to be 0.1129 and 0 1133 

-- as measured by an orZry 
, nd the product is to be subtracted from the value 0.93742 which 
las been very accurately measured. Express the result by the proper 
number of significant figures. piuptr 

Aw. 0.783. 
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CHEMICAL EQUATIONS 

6* Purpose of Chemical Equations.— When the nature and' 
composition of the initial and final products of a chemical reaction 
are known, the facts can be symbolized in the form of a chemical 
equation. When properly written, the equation indicates (1) 
the nature of the atoms and the composition of the molecules 
taking part in the reaction; (2) the proportions by weight of the 
interacting and resulting substances; and (3) the proportions 
by volume of all gases involved. These three principles applied 
to reactions which go to completion serve as the foundation of 
Quantitative Chemical Analysis. Before the calculation of a 
chemical analysis can be made, an understanding of the chemis- 
try of the involved reactions and their proper expression in the 
form of equations are usually necessary. It is important there- 
fore that one should be able to express such reactions correctly 
by means of balanced equations. 

6. Writing and Balancing Equations. — The determination of 
the nature of the products formed by a given reaction involves a 
knowledge of general chemistry which, it is assumed, has already 
been acquired from previous study, but the ability to write and 
balance equations correctly and quickly is acquired by consider- 
able practice. The following discussion is given to help the 
student attain proficiency, especially in regard to equations 
involving oxidation and reduction, which usually give the most 
trouble to the beginner. 

With equations expressing the reactions of (1) combination, 
(2) decomposition, (3) displacement, and (4) double decomposi- 
tion, it is seldom that much difficulty is experienced in bringing 
about equality between the atoms and molecules of the reacting 
substances and those of the products, for little more is involved 
than purely mechanical adjustment of the terms and an ele- 
mentary knowledge of valence. As examples of the above types 
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of chemical change in the order given, the following equations 
may be cited : 

( 1 ) 2H2 + Oa -> 2H2O 

(2) 2Hg0-^ 2Hg + 02 

(3) Zn + H 2 SO 4 -H- Ha + ZnSOi 

(4) FeGls + 3 NH 4 OH Fe(OH)3 + 3 NH 4 CI. 
Equations expressing reactions of oxidation and reduction 

although usually somewhat more complicated, offer little addi- 
tional difficulty provided the principles underlying these types 
01 chemical change are thoroughly understood. 

Oxidation is the increase in positive valence of an element or 
radical; reduction is the decrease in positive valence of an ele- 
ment or radical. Oxidation is always accompanied simultane- 
ously by reduction, for a substance cannot be oxidized without 
agent^^ ^ corresponding and equivalent reduction of the oxidizing 

A. Oinsider the reaction between ferrous chloride and chlorine 

the unbalanced equation being written: ’ 

FeCl2 -f- CI2 — ^ FeCls. 

The valence of the iron increases by one (from plus two to plus 
ree). The valence of each chlorine atom changes from zero 
to minus one, or the valence of the chlorine nwlecuU decreases 
two. Since oxidation and reduction must take place in the same 
degree, it is necessary to cross-multiply and take two ferrous 
cHoride molecules^ to one chlorine molecule. After balancing, 
tiie equation then becomes : 

2FeCl2 -I- Cl2-^2FeCl3. 

tlTlTh ff oxidized by chlorine, the reaction 
may be better expressed m terms of the ions: 

2 Fe++ -f- CI2 ->■ 2 Fe-t++ + 2 C 1 -. 

B. The reaction between potassium dichromate and ferrous 
sulphate in sulphuric acid solution may be expressed by the 
unbalanced equation: 

KaCraOT + FeS04 + H2SO4 

Cr2(S04)3 + K2SO4 + Fe2(S04)3 + H2O. 
the valence of each chromium atom in potassium dichromate 
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is plus six, the valence of each chromium atom in .chromic sul- 
phate is plus three; the valence of iron in ferrous sulphate 
is plus two, and the valence of iron in ferric sulphate is plus three. 
The valence of each chromium atom therefore changes 1/irec. 
Since the dichromate radical contains two chromium atoms, the 
decrease in valence of the potassium dichromate is six. The 
v^alence of the iron increases one. Therefore to bring about 
equality, six ferrous sulphate molecules must be taken for one 
molecule of potassium dichromate, and the equation becomes : 

K^CivOt + 6FeS04 + ■ H2SO4 

Cr2(S04)3 + K2SO4 + Fe2 (804)3 + H2O, 

in which only the K2Cr207 and the FeS04 are balanced. With 
these two as a basis, the corresponding salts on the right hand 
side of the equation are now balanced: 

K2Cr,07 + 6FeS04 + H2SO4 

Cr2(S04)3 + K2SO4 + 3Fe2(S04)3 + H2O. 

It is now only necessary to balance the H2SO4 and the H2O. 
To provide the proper number of sulphate radicals the coefficient 
of the H2SO4 must be seven, and to balance the hydrogen and 
oxygen atoms the coefficient of the H2O must be seven. The 
equation becomes: 

K2Cr207 + 6FeS04 + 7 H 2 SO 4 

Cr 2 (S 04)3 + K 2 SO 4 + 3Fe2(S04)3 + 7 H 2 O. 

Since any dichromate wdll be reduced by any ferrous salt in 
the presence of any acid, a more general equation may be written: 

CraOy'” + 6 Fe++ + 14 H+ 2 Cr+++ + 6 Fe+++ + 7H2O. 

Equality is expressed between the atoms and between the 
electrical charges. 

C. Knowing the valences which reacting elements or radicals 
commonly exhibit and the state of the solution in which the 
reaction takes place, it is usually a simple matter to express the 
complete skeleton equation representing the reaction. The 
equation may then be readily balanced. For example, it is 
known that potassium permanganate and stannous chloride 
will react in acid solution. The former, being an oxidizing 
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agent, ifcj reduced; the latter, being a reducing agent, is oxidized. 
The valence of manganese in potassium permanganate is +7; 
the valence of tin in stannous chloride is +2. The other valence 
of manganese which can exist in acid solution is +2; the other 
valence of tin is +4. Assuming the acidity of the solution to be 
due to hydrochloric acid, the reaction may be written in outline 
form; 

KMn04 + SnCU + HCl MnCU + SnCh + KCl + HaO. 

Cross-multiplying the changes in valence of the oxidizing and 
reducing agents and balancing with these as a basis : 

2KMn04 + SSnCla -f HCl 2MnCl2 + 5SnCl4 + 2KC1 -f H2O. 

To complete the equation it is now only necessary to balance the 
HCl and H2O; 

2KMn04 + 5SnCl2 -1- 16HC1 

2MnCl2 + 5SnCl4 + 2KC1 -f 8H2O. 
D. When metallic copper is dissolved in dilute nitric acid, the 
reaction may be written according to the skeleton equation : 

Cu + HNO3 Cu(N03)2 + no -t- H2O. 

Here, the copper is oxidized, but only part of the nitric acid acts 
as an oxidizing agent, the remainder entering into reaction as an 
acid to form cupric nitrate. This dual character of the nitric 
acid may be expressed as follows; 

Cu HNO3 -f- HNO3 — >■ Cu(N 03)2 + NO -f- H2O. 
(oxidizing) 

Each atom of copper increases by two units of valence, while the 
nitrogen of the oxidizing agent decreases by three units. There- 
fore there must be three copper atoms to two oxidizing molecules 
of nitric acid; 

3Cu + 2HNO3 + HNO3 Cu(N03)2 + NO + H2O. 
(oxidizing) 

To balance with these as a basis, it is now necessary to take six 
nitric acid molecules as an acid to furnish the required nitrate 
radicals in combination with the copper. The equation becomes ; 

3Cu + 2HNO3 + 6HNO3 3 Cu(N 03)2 + 2NO + 4H2O, 
(oxidizing) 

or 3Cu + 8HNO3 -» 3 Cu(N 03)2 + 2NO -f 4H2O. 
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The equation may also be written ionically according to the 
skeleton equation: ■ 

/ Cu« + N03“ + Cu++ + NO +' H2O, 
which, after balancing, becomes: ■ ' 

: SCu^ + 2NO3- + 8 H+- 3 Cu++ + 2 NO + 4H2O. 

Ill this case the ionic equation has the advantage over the molecu- 
lar equation in that it not only shows the essential reacting 
constituents, but also shows directly the proportion of the 
nitric acid required to oxidize the copper. Of every eight acid 
molecules used, onl.y two are oxidizing and six act as solvent. It 
shows that any acid could take the place of the latter six, thus : 

3 Cu + 2HNO3 + 3H2SO4 3 CuS04 + 2 NO + 4 E^ 0 . 
Similarly, 3 Ag + NOs"- + 4 H+ 3 Ag+ + NO + 2H2O, 
and Fe + NO3- + 4 H+ Fe+++ + NO + 2H2O. 

E. In the skeleton equation 

CU2S + NO3-” + H+ Cu++ + S + NO + H2O, 
the valence of each copper atom increases one, and each sulphur 
atom two. The increase for the cuprous sulphide molecule is 
therefore four. Since the valence of the nitrogen decreases three, 
it is necessary to take three cuprous sulphide molecules for 
every four nitrate radicals. The coefficient for the hydrogen ion 
is then mathematically found to be 16 , and the equation becomes: 

3CU2S + 4N03~ + 16 H+ 6 Cu++ + 3 S + 4 NO + 8H2O, 

or 3CU2S + I6HNO3 6 Cu(N03)2 + 3 S + 4 NO + SHsO. 

It should be borne in mind that the relative changes in valence 
provide a means of determining the relative number of molecules 
of the oxidizing and reducing substances. The coefficients thus 
determined may be increased or decreased in the same proportion 
to suit the case at hand. This is illustrated by the equation : 
2 NMn 04 Hh 10FeSO4 -b 8H2SO4 — > 

K2SO4 + 5Fe2(S04)3+ 2MnS04 + 8H2O 
in which, although the ratio of the changes in valence is five to 
one, the coefficients of the potassium permanganate and ferrous 
sulphate molecules must be taken as 2 and 10 respectively in 
order to obtain whole numbers for the coefficients of the potas- 
sium sulphate and ferric sulphate molecules. 
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It should also be remembered that in writing ionic equations 
only highly ionized soluble substances are written in the ionic 
form. Insoluble substances and slightly ionized compounds are 
expressed in the molecular form. 

The following table shows some of the changes in valence 
involved in reactions which are frequently encountered in general 
analytical work. It is intended to be illustrative rather than 
exhaustive. 


Antimony. SbOs* 

Arsenic. AsOs* 

Bromine... ... Br“ 

BrOa” 

Carbon 0204“*"^ 

Chlorine. Cl“ 

CIO3” 

CIO3- 

Chromium, Cr207“' 

Cr 04 "" 

Hydrogen H'*’ 

Iodine. 

I 03 ~ 

104- 

Iron Fe^*^ 

Manganese Mn04" 

Mn 04 '' 

Mn02 

Molybdenum Mo04'“ 


Molecular Change 

SbOr -^Sb04" 

AsOs* 

Br“ — >Br® 

BrOa” —>Br“ 
0204 “** -->C 02 

Cl- 

C103” : ->01“* 
CIO 3 - ~>C102 
CrsOT” ->Cr+++ 
Cr 04 "" ~->Cr+++ 

H+ 

103- 

104- ~>I" 
~->Fe+++ 

Mn 04 " ~^Mn++ 
Mn 04 - — >Mn 02 
Mn 02 ■~>Mn++ 
Mo 04 '“ ->Mo 02 ‘“ 


Valence Change of 
Element 

-fS to +5 
+3 to +5 
-Ito 0 
+5, to 
“f*2 to -|-4 
-1 to G 
+5 to -1 
+5 to +4 
+6 to +3 
-f6to+3 
-)- 1 to 0 
~1 to 0 
+5 to 

' +7 to -1 ■ 
-1-2 to -f-3 
4-7 to -f 2 
-}-7 to 4'^ 

44 to 42 
4G to 43 


Nitrogen 

NO 3 - 

4>N0' ■ 

45 

to 

42 


NO 3 - 

->N02 

45 

to 

44 


, NO 2 -* 

~->N03- 

43 

to 

45 

Oxygen 

H 2 O 2 * 

~>H20 

0 

to 

-2 

r ' 

H 2 O 2 * 

— 


to 

0 

Sulphur 

s- 

-~^S0 

-2 

to 

0 

! „ 

S“ 

->803“ 

-2 

to 

44 


S” 

— ^ 804 “ 

-2 

to 

+6 


S 03 ” 

-->804'” 

44 

to 

46 


so 

->804’” 

0 

to 

46 

Tin 

Sn++ 

-^Sn++++ 

42 

to 

44 

Vanadium 

V202-^^++->V03“ 

44 

to 

45 



* In the case of carbon in CaOi^ and oxygen in Ii202,tlie element in ques- 
tion exists in two valences of which only one undergoes change. Explana- 
tion of these cases is given on pages 113 and 114. 
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Problems 

19 . Balance the following metathetical reactions: (a) HaPtCle + KCl 

HCl + KsPtCU; (6) KjPtClo KCl + Pt + Cb; (c) AlCl, + KOH 
KCl + KAIO2; (d) Pb(OH)2 4 -K 0 H-+K 2 Pb 02 + HsO; (e) Cd(CN)j 
+ KGN K2Cd(CN)4; (f) HaPO, + (NH4)2Mo04 + HNOa-+ (NH4)3P04. 
12 MoOa + NH4NOa + HaO; (ff) (NH4)3P04. I2M0O3 + NH4OH CNHa)*- 
PO4 + (NH4)2 M0O4 + HaO. 

20 . Balance the following ionic equations; (o) Ba"'"*" + SO*"— ^BaSO*; 
(6) A 1 +++ + OH- AlOa" + H2O; (c) Ag+ 4 - ON" Ag(CN)2-; (d) 
Cd(CN)4" + H2S CN- + H+ + CdS; (e) Sn++++ + HjS -+SnS2 + H+; 
if) Fe+++ + [Fe(CN) 6 ]"-»Fe 4 lFe(CN) 6 ]a; (ff) AsSa" + H+ AssS, + HaS. 

21 . Balance the following oxidation and reduction equations: (a) KMn04 
+H202+ H2SO4 -> KHS64 + MnS04 + HsO + 0^; (6) KI + HjOs -+ 
KOH + I2; (c) AlCl, + NajSsO, + H2O NaCl + S + SOa + A1(0H)»; 

(d) CrCK + NaCsHsOj + HjO + Cls-^NaCl + HCjHaOa + NaaCrOi; 

(e) K2Cr20r+ FeCla + HCl KCl + FeCU + CrCU + H2O: (f) KMn04 
+ MnS04 + H2O KjS 04 + MnOj + HjSO,; (?) Au + HNO3 + HCl -♦ 
H2O + NO + AuClg. 

22 . Balance the following oxidation and reduction equations: (a) Fe^'*' -f* 

GIO3- + Fe+++ -f Cl- 4 * H2O; (b) Cr+++ + MnOa + H2O Mn++ + 

CrOr + H+; (c) MnOr + Cl- -f H-^-^Mn++ + Ch 4 - H2O; (d) MnOr 4 - 
H2S + H+ Mn++ + S 4 “ H2O; (e) IO3- + I- 4- H+ I2 + H2O. 

23 . Write balanced ionic equations for each of the following reactions 
taking place in solution. Introduce acid and water wherever necessary. 
(a) Dichromate reduced by sulphite giving chromic salt and sulphate; (b) 
chromic salt oxidized by free chlorine to give chromate and chloride; (c) 
chromite oxidized with sodium peroxide to chromate; (d) lead peroxide 
oxidized by permanganate giving manganous salt and free oxygen; (e) cupric 
salt and metallic aluminum giving aluminum salt and metallic copper; 
(/) manganous salt and chlorate giving a precipitate of manganese dioxide 
and chlorine dioxide gas; (g) cobaltous chloride in alkaline solution with 
hydrogen peroxide to give a precipitate of cobaltic hydroxide. 

24 . Express the following reactions in ionic form and in each case state 
what fraction of the nitric acid employed serves for oxidation: (a) Cu 4 “ 
HN03-^Cu(N03)2 4 - NO2 + H2O; (b) Zn 4 * HNOs-^ Zn(N03)2 4 - N 04 “ 
H2O; (c) CuaS 4- HNO3 Cu(N03)2 + NO2 + H2SO4 -f H2O; (d) CuaS 4 “ 
HNO3 Cu(N03)2 4 - NO2 -f S 4 - H2O; (e) FeS + HNO3 Fe(N03)3 4 - 
S 4 * NO + H2O; tf) FeS + HNO3 Fe(N08)3 4 ” NO2 4 - HjSOi 4 - HjO; 
(g) Sn + HN 08 *~>H 2 Sn 03 4 - NO 4 - H2O. 




CHAPTER III 
THE CHEMICAL BALANCE 

7. SensWveness of the Chemical Balance.— The determir,, 
bon of the weight or the macs of a body is one of the 
mental mcasummenls of analytical cheLtry, andt 

of tte swmpng portion is below the point of support. 
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must bo applied. Since the usual method of weighing consists 
in balancing the substance to be weighed against standard 
weights, the surrounding air likewise exerts a buoyant effect 
upon the weights. If the volume occupied by the weights 
used is equal to the volume occupied by the substance, the 
buoyant effects will be equal, and the weight of the substance 
in vacuo will be the same as its weight in air. If the volume 
occupied by the substance is greater than the volume occupied 
by the weights, the substance wall weigh more in vacuo than in 
airj and if the weights have the greater uolume, the substance 
will weigh less in vacuo than in air. In any case, the difference 
between the weight in air and the weight in vacuo will be equal 
to the difference between the w'eight of the air displaced by the 
substance and the weight of the air displaced by the weights 
used. The weight in vacuo, TF®, may be expressed by the equa- 
tion = W +{V - V')a, 
in which 

W = the weight of a substance in air, 

V = the volume occupied by the substance, 

V — the volume occupied by, the weights used, 

and 

a = the weight of a unit volume of air. 

Since in practice, the volume occupied by the substance and the 
volume occupied by the weights are usually unknown, the 
formula is better written by expressing the values V and V' in 
terms of weight and specific gravity. If s is the specific gravity 
of the substance, and s' the specific gravity of the weights, 

the volume occupied by the substance will be and the volume 

s . 

. W 

occupied by the weights used will be — * The formula may now 

s 

be written: 

wo w _L. 

Since the value following the plus sign in this expression is small 
compared to the value W to which it is added, and since W 

and IF® are nearly equal, W may be substituted for the F® in 

, a" : ^ 



quantitative chemical analysis; 


the parenthesis without 
the formula: 


appreciably affecting the accuracy of 


Although the value of a varies slightly with the temperature 
and barometric pressure, the approximate value of 0.0012 gram 
for the weight of one cubic centimeter of ‘ 
in eases where extreme 
pheric conditions are highly abnormal 
are given in Table III (Appendix), f 
specific gravities of common substances, 
precision of the various terms shows that the values of 
s' need be known only approximately, and that i. 
the computation may be performed vfith sufficient 
means of a slide rule. 

Example I 

against brass analytical weights. 


air may be used except 
accuracy is required, or where the atmos- 
Accurate values of a 
See also Table II for the 
s. A consideration of the 
a, s, and 
in most cases 
accuracy by 

■A pktinum crucible weighs 25.6142 grams in air 
What is its weight in vacuo? 

Specific gravity of platinum = 21.37 = s 
Specific gravity of brass weights = 8.0 = s' 

Weight of 1 c.c. of air = 0.0012 gram = a. 

Substituting in the above formula, 

= 25.6142 + 25.6142 (.0012/21.37 — .0012/8.0) 

= 25.6142 - 0.0024 
= 25.61 18 grams. Ans. 

9. Cahbration of Balance Weights. — The computations in- 
volved in the canbra,tion of balance weights are so lengthy, and 
the procedure itself is so seldom used, that the subject wiU not 
^ dealt with m this book. The student is referred to Treadwell- 
HaU, Analytical Chemistry,” Fifth Edition, Vol. 2, pp. 15-17, to 
an article by T. W. Richards in the Journal of the American 
Chemical Society, 22 , 144 (1900), and to a recent article by Hop- 
fans, Zmn, and Rogers in the Journal of the American Chemical 
Society, 42 , 2528-31 (1920). 
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Probiems * 

26. Tiie addition of a small weight to a certain balance displaces the 
pointer through an angle of 6®. Through what angle would a weight one 
and one-half times as great displace it? 

. Am, 8° 57'. 

26. A sample of an alloy having a volume of 2 c.c. is weighed in air with 
brass weights and is found to weigh 16.0000 grams. What is its weight in 
vacuo? 

A m, 1 6 . 0000 grams . 

27. Find the weight in vacuo of a piece of gold which weighs 35.0000 grams 
ill .air against brass weights. 

Am. 34.9968 grams. 

28. A substance weighing 12.3456 grams in air has a volume of 2 c.c. and a 
specific gravity equal to three times that of the weights used. What does it 
weigh in vacuo? 

Am. 12.3408 grams. 

29. A quartz crucible weighing 16.0053 grams in a vacuum would weigh 
how many grams in air against brass weights? 

Aws. 16.0005 grams. 

30. A sample of brass weighs 12.8150 grams in air using platinum weights. 
What is its weight in vacuo? 

Ans. 12.8162 grams. 

31. A platinum crucible in air against brass weights weighs 15.1234 grams. 
What percentage error would be introduced in a multiplication if this value 
were used instead of the true mass of the crucible? 

Ans. 0.01 per cent. 

32. If a piece of gold in a vacuum weighs 35 times as much as a 1-gram 
brass weight in a vacuum, what would the brass weight weigh in air against 
gold weights? Wliat would the piece of gold weigh in air against brass 
weights? 

Ans. 0 99991 gram; 35.0031 grams. 



CHAPTER IV 


CALCULATIONS OF GRAVIMETRIC ANALYSIS 

10, Tlie Law of DejSnite Proportions Applied to Calculations 
of Gravimetric Analysis. — Gravimetric Analysis is based on the 
Law of Definite Proportions which states that in any pure com- 
pound the proportions by weight of the constituent elements are 
always the same, and on the Law of Constancy of Composition, 
which states that masses of the elements taking part in a given 
chemical change always exhibit a definite and invariable ratio 
to each other. It consists in determining the proportionate 
amount of an element, radical, or compound present in a given 
sample by eliminating all interfering substances and converting 
the desired constituent or component into a weighable compound 
of definite, known composition. Having then determined the 
weight of this isolated compound, the weight of the desired 
component present in the sample may be readily calculated. 

Example I. — A sample of sodium chloride is dissolved in water 
and the chloride is precipitated with silver nitrate according to 
the reaction: 

NaCl + AgNOa AgCl + NaNOg, 

furnishing 1.0000 gram of silver chloride. What is the weight of 
chlorine in the original sample? 

Since silver chloride always contains silver and chlorine in the 
respective ratio of their atomic weights, or in the ratio of 107.88 
to 35.46, in every 143.34 ( = 107.88 + 35.46) grams of silver 
chloride there are 35.46 grams of chlorine. In 1 gram of silver 


Cl , 35.46 

^ ^ 143.34' 


AgCl 


0.2474 gram of 


chloride there is 1 X 
chlorine. Ans. 

11. Calculations from Equations. — A chemical equation not 
only represents the chemical changes taking place in a given 
reaction, but it also expresses the relative quantities of the 
substances involved. Thus, the equation: 

H 2 SO 4 + BaCb BaS 04 + 2HCb 
20 


CALCULATIONS OF GMAVIMETRIC ANALYSIS 


21 



not only. states iiiat sulphuric acid reacts with barium chloride 
to give barium sulphate and hydrochloric acid, but it also 
expresses the fact that every 98.08 parts by weight of siilphuric 
acid react with 208.29 parts of barium chloride to give 233,43 
parts of barium sulphate and 72.94 parts of lij^drogen chloride, 
these numerical values being the molecular weights of the respec- 
tive compounds. These are relative weights and are indepen- 
dent of the units chosen. If a weight of any one of the above four 
substances is known, the weight of any or ail of the other three 
may be calculated by simple proportion. This is the basis of 
analytical computations. 

Example I.— The iron in a sample of FeCOs is converted by 
solution, oxidation, precipitation, and ignition into Fe20;j 
weighing 1.0000 gram. What is the weight of iron expressed as 
FeCOj}, as Fe, and as FeO in the original sample? 

The reactions may be expressed by the equations: 

FeCOs + 2HC1 FeCb + CO2 + H2O 
2FeC03 + 4HC1 2FeCl2 + 2CO2 + 2H2O 
2FeCl2 + Brs + 2HC1 2FeCl3 + 2HBr 
2FeCl3 + 6NH4OH 2Fe(OH)3 + 6NH4CI 
2Fe(OH)3 FesOs + 3H2O. 

From these equations it is seen that one molecular weight in 
grams (one mole) of FeCOg will furnish one molecular weight in 
grams of FeCE, or twm moles of FeCOa will furnish two moles of 
FeClo. Two moles of FeCio will give two moles of FeCls, which 
in turn will precipitate two moles of Fe(OH)3 and this last com- 
pound on ignition will give one mole of Fe^Os. Hence every 
two moles (231.69 grams) of FeCOs will eventually furnish one 
mole (159.68 grams) of Fe203, and it will do so independently 
of the nature of the process or composition of the reagents used 
to bring about the conversion. Indeed, the above reactions are 
better wuitten in the ionic form, thus: 

FeCOs + 2H+ re++ + CO2 + H2O 
Fe++ + 0 — > Fe+++ 

Fe+++ + 30H- Fe(OH)3 

2Fe(OH)3 FesOs + SHaO, 

and for purposes of calculations all the intermediate steps may be 
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1 I 


I'l i n: 


omitted and the fundamental eliangc expressed by tiie hypo- 
thetical equation: 

2FeC03 + 0 FesOs + 2 CO 2 . 

In general the student will find it unnecessary to determine the 
weights of intermediate products in a reaction which takes place 
in steps, and for purposes of calculation need consider only the 
initial and final substances. 

It has been shown that two moles (231.69 grams) of.FeCOs will 
furnish one mole (159.68 grams) of Fe 203 . By simple propor- 

‘^FeCO 

tion, one gram of Fe 203 will be obtained from 1 X =1X 

re2U3 


231.69 

159 68’ ~ 1-4510 grams of FeC 03 , and since each mole of FeCOa 

contains one gram-atomic weight (55.84 grams) of Fe and rep- 
resents the equivalent of one mole (71.84 grams) of FeO (FeCOa-^ 
FeO -f- CO 2 ), the corresponding weights of Fe and FeO would 


be 1 X 


, 2 X 55.84 


0.6994 gram of Fe, and 1 X 


2FeO ^ 2 X 71.84 

1 X “f 59 gg ^ = 0.8998 gram of FeO respectively. 


Example II . — What weight of Fe 304 will furnish 1.000 gram 
of Fe 203 ? 

Whatever equations may be written to represent the conversion 
of the Fe 304 to the FeaOs it will be found that from every two 
moles of Fe 304 there are obtained three moles of Fe 203 , and the 
hypothetical equation may be written: 

2 Fe304 + 0 3Fe203. 


Hence, 1.000 X 


2Fe304 

3Fe203 


1.000 X 


0.9668 gram Fe 304 . 


12. Chemical Factors. — A chemical factor may be defined as 
the weight of desired substance contained in, obtainable from, or 
equivalent to a unit weight of given substance. Thus, in the 
above three examples, the numbers obtained from the ratios 
Cl , 2 FeC 03 , 2Fe ^ 2FeO , 2 Fe 304 . , .... 
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since they represent the respective weights of Clj FeCOy, Fe, 
FeO and FeaO-i contained in, obtained from, or equivalent to one 
unit weight of AgCl or of Fe 203 as the case may be. 

A weight of one substance is said to be equivalent to that of 
another substance when the two will mutually enter into direct 
or indirect reaction in exact respective proportion to those 
weights. In the example cited above, 23L69 grams of FeCOg 
entered into reaction to produce 159.68 grams of Fe 203 . Hence 
231.69 grams of FeCOg are equivalent to 159.68 grams of FeaOg. 
The equivalent weights of elements and compounds may be 
expressed by mutual proportions as in the case just given, or 
they may be referred to a common standard for wFich purpose 
the atomic weight of hydrogen (1.008) is usually taken. Accord- 
ing to this system, the equivalent weight of an element or com- 
pound is that weight of it which will involve in active reaction 
one atomic weight of hydrogen or a weight of any other substance 
which in turn wdll involve in reaction one atomic weight of 
hydrogen. 

It is impoi’tant to notice that in expressing a chemical factor 
the atomic or molecular weight of the substance sought is placed 
in the numerator, the atomic or molecular weight of the sub- 
stance weighed is placed in the denominator, and the coefficients 
are adjusted in accordance with the reactions involved. When the 
principal element or radical desired occurs in both numerator and 
denominator, usually the number of atomic weights of this 
element or radical will be the same in both numerator and 
denominator, although there are instances when this is not true. 
For example, in the reaction 

2CuCl CuCh + Cu, 

the weight of free copper liberated from one gram of cuprous 
Cu 

chloride is 1 X 2CuCP gram, and 0.3210 is the chemi- 

cal factor in this particular case. 

That the principal element does not always occur in both 
numerator and denominator is shown in the determination of 
bromine by precipitation as silver bromide and conversion to 
silver chloride with a current of chlorine: 

2AgBr + CI 2 2AgCl + Br 2 . 
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Hero the weight of broiniue represented by one gram of silver 

,, - Biv 2 X79.92 

chloride IS 143.34 ’ = 


Problems 

33, Calculate by logarithms the following factors: 

BaSOi’ BaSOi’ AI2O3’ 2NaCl 
Ans. (0) 0.1373; (&) 0.6886; (c) 0.529; (d) 0.5303. 

34. Balance by common constituent and calculate the following factors; 

r V CN B ^4 _Ct_ 

AgCN’ BA’ (NH4).PtCl6’ Cr^O,’ 

Ans. (a) 0.1943; (b) 0.312; (c) 0.08126; (d) 0.684 

36. Balance by common constituent and calculate the log factors for the 
following: 

AgaO _ _FeS2^ 'I ' ' P 

AgCl ’ BaSOi ’ C20H17N6O3 ’■ (NH4)3P04-12 MoOa’ 

Ans. (a) 9.9076 - 10; (6) 9.4100 - 10; (c) 9.2710 - 10; (d) 8.2184 -10. 
36. Balance by common constituent and calculate the following: 


(a) (NH4)oPtCl6 
(h) CU2S 

(c) AgCl 

(d) KsPtCle 
ie) KaPtCle 


Sought 

N 

CuO 

NaC104 

K 

K2O 


Ans. (a) 0.06310; (6) 0.9995; (c) 0.8549; (d) 0.1608; (e) 0.1937. 

37. Balance by common constituent and calculate the log chemical factor 
for each of the following: 


Weighed 

(а) ferric oxide 

(б) ferric oxide 

(c) water 

(d) cupric oxide 

(e) barium sulphate 
(/) calcium carbonate 


ferrous oxide 

hydrogen 

copper 

sulphuric acid 
carbon dioxide 


Ans. (a) 9.8446 - 10; (6) 9.9541 - 10; (c) 9.0487 - 10; (d) 0.9025 - 
10; (e) 9.6235 - 10; (/) 9.6432 - 10. 

38. Calculate the chemical factors for (a) Sn in SnOj; (6) Pb in PbCr04; 
(c) Pb in PbOs; (d) Pb in PhSO*; (e) Pb in PbCh. 

Ans. (a) 0.7877; (b) 0.6411; (c) 0.8662; (d) 0.6832; (e) 0.7450, 
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39. Calculate the chemical factors for the following: 


Weighed 

Sought 

With REii'ERENCB to 

(a) Ag 

Br 

AgBr 

(6) Ag 

HCl 

AgCl 

(c) Fe^Oa 

SO3 

FeS04 

(d) Pt 

K 

KaPtCU 

(e) AgCl 

I 

Agl 

(/) Pt 

KCI 

KaPtClc 

(g) Pt 

NHa 

(NH4)2PtCl6 


Ans.' {a) 0.7407; (b) 0.3379; (c) 1.003; (d) 0.4006; (e) 0.88,56; (/) 0.7639; 
(g) 0.1746. 

40. Calculate the chemical factors for (a) (NH4)20 from (NH 4 ) 2 PtCl 6 ; 
(b) Fe^Os from Fes 04 ; (c) ZnO from ZnNH 4 P 04 . 2 H 20 ; [d) As-iOu from 
Cii 3 (As 03 ) 2 . 2 As 0 s.Cu(C 2 H 302 ) 2 ; (e) AS 2 O 5 from PbHAs 04 ; (/) Ba3(P04)2 
from BaS 04 ; (g) PbO from Pb 3 (As 04 ) 2 ; (A) PbCr 04 from CrsO^. 

(a) 0.1173; (?>) 1.035; (c) 0.3794; (d) 0.4580; (e) 0.3311; (/) 0.8596; 
ig) 0.7443; (h) 4.243. 

13. Application of Chemical Factors to Percentage Computa- 
tions. — Since the chemical factor represents the weight of desired 
element or compound equivalent to one umt weight of the ele- 
ment or compound weighed, from any weight of the latter the 
weight of the former may be readily calculated. The percentage 
of that substance present in the sample may be found by dividing 
by the weight of sample and multiplying by one hundred. 

Example I. — ^If 2.000 grams of impure sodium chloride are 
dissolved in water and with an excess of silver nitrate, 4.6280 
grams of silver chloride are precipitated. What is the percent- 
age of chlorine in the sample? 

The chemical factor of Cl in AgCl is 0.2474, indicating that 1 
gram of AgCl contains 0.2474 gram of CL In 4.6280 grams of 
AgCl there are therefore 4.6280 X 0.2474, == 1.145 grams of CL 
Since this amount represents the chlorine present in 2,000 grams 

' 1.145 

of the material, the percentage weight of chlorine must be 2 *qqq 

X 100, — 57.25 per cent. Ans. 

Example IL — A half-gram sample of impure magnetite (Fe304) 
is converted by chemical reactions to Fe203 weighing 0.4110 
gram. What is the percentage of FesO 4 in the magnetite? 

2Fe^(h 

The chemical factor of Fe304 from FegOs is ^ 0.9668 
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which represents the weight of Fe 304 equivalent to 1 gram of 
Fe 203 . The weight of Fe 304 equivalent to 0.4110 gram of Fe 203 
must be 0.4110 X 0.9668", = 0.3974 gram, and the percentage 

0 3974 

of Fe 304 in the sample must be X 100, = 79.48 per cent. 

Ans. 

Problems 

41. What is the weight of sulphur in 5.672 grams of barium sulphate? 

Ans. 0.7790 gram. 

42. A material containing a soluble lead salt gave a precipitate with 
sulphuric acid weighing 0.1672 gram. To what weight of (a) Pb; {h) PbCls; 
(c) PbS; (d) PbCOs does this correspond? 

Ans. (a) 0.1142 gram; (b) 0.1533 gram; (c) 0.1319 gram (d) 0.1473 gram. 

43 . Calculate the weight of anhydrous Ca(N03)2 which must be heated 
in order to obtain the following weights of CaO: (a) 0.624 gram; (5) 0.964 
lb.; (c) 0.2463 ton; (d) 0.2172 oz. 

Ans. (a) 1.83 grams; (h) 2.821 lbs. ; (c) 0.7207 ton; (d) 0.6357 oz. 

44 . How much pure silver must be dissolved in HNOs to give 300.0 grams 
of AgNOs? 

Ans. 190.5 grams. 

46 . What is the weight of the constituent elements in 0.7170 gram of 
AgNOs? 

Ans. Ag = 0.4553 gram; N = 0.0591 gram; O ~ 0.2026 gram. 

46 . How many pounds of pure CaO can be made from 96.0 pounds of pure 
CaCOg? 

Ans. 53.8 lbs. 

47 . Calculate the pounds of materials theoretically necessary for the 
preparation of one pound of (a) KOH from CaO and K2CO3; (b) BaS04 from 
Na2SO4.10H2O and BaCl2.2H20; (c) Zn20Cl2 from ZnCl2 and ZnO. 

Ans. (a) CaO - 0.4997 lb.; K2CO3 = 1.230 lbs. 

(b) Na2SO4.10H2O = 1.380 lbs.; BaCl2.2H20 = 1.044 lbs. 

(c) ZnCl2 - 1.252 lbs.; ZnO = 0.7478 lb. 

48. A piece of silver dime weighing 0.2000 gram is dissolved and with an 
excess sodium chloride gives a precipitate of silver chloride weighing 0.2393 
gram. What is the percentage of silver in the dime? 

Ans. 90.10 per cent. 

40 , A sample of impure ferrous ammonium sulphate weighs 0.5013 gram 
and furnishes 0.0968 gram of FeaOg. What is the percentage of 
Fe(NH4)2(S04)2.6H20? 

Ans. 94.82 per cent. 

50, A sample of limestone weighing 1.2456 grams furnishes 0.0228 gram 
of Fe2O3,l-3'101 grams of CaS04, and 0.0551 gram of Mg2P207. Calculate 
the percentage of (a) Fe; (b) Ca; (c) CaO; (d) Mg; (e) MgO in the limestone. 
What weight of CO2 could be in combination with the calcium? 

Ans. (a) 1.28 per cent; (b) 30.96 per cent; (c) 43.32 per cent; (d) 0.97 
per cent; (e) 1,60 per cent, 0.4237 gram. 
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51. W'lm.t. weight of pyrite eontaimng B0.40 p(?r cent of sulphur must lia.ve 
been taken for analysis in order to give a precipitate of barium sulphate 
weighing 1.0206. grams?, 

Ans. 0.3850 gra.m. 

52. What is the percentage composition of a brass containing only copper, 
lea,d, and zinc if a half -gram sample furnishes 0.0023 gram of PbS 04 and 
0.4108 gram of ZnNH 4 P 04 ? What weight of Zn 2 P 207 could be obtained by 
igniting the zinc ammonium phosphate? 

Cu = 69.60 per cent 
Pb = 0.31 per cent 
Zn = 30.09 per cent, 

0.3510 gram. 

A71S. 

53. How many ounces of (a) NaOH; (b) KOH; (c) Na-iCOs; (d) KNaCOs 
will be neutralized by one pound of KHSO4? 

Ans. (a) 4.702 oz.; (b) 6.593 oz.; (c) 6.227 oz.; (d) 7.173 oz. 

54. How many grams of NaOH are equivalent to the Na in the NaCl 
required to precipitate AgCl from two grams of AgNOa? 

Ans. 0.4710 gram. 

14. Gravimetric Problems Involving a Factor Weight Sam- 
ple.— It is often desirable in industrial work where a large number 
of samples of similar composition are analyzed to so regulate the 
weight of sample that the weight of the final product obtained 
multiplied by a simple factor shall exactly equal the percentage 
of the desired constituent. This makes it possible to have the 
sample weighed out directly against a tare, perhaps by some 
one inexperienced in exact weighing, and at the same time to 
eliminate both the tedious calculations necessary for each analysis 
and the possibility of mathematical errors. 

The calculation of a chemical analysis involving a direct 
gravimetric determination is carried out by means of the following 
formula: 

weight of product X chemical factor . . x ^ ^ ^ 

X 100 = per cent of desired 

weight of sample 

constituent. 

Since for a specific determination the chemical factor is a con- 
stant, the expression contains only three variable factors, 
namely, — the weight of product, the weight of sample, and the 
percentage of desired constituent. If any two are known, the 
third can be calculated; or since the expression involves only 
multiplication and division, if the numerical rah'o between the 
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weight of product. and the weight of .sample, or between the 
weight ot product and the percentage of desired constituent is 
known, the remaining term can be determined. Thus, if the 
weight of product is numericaUy equal to the percentage of desired 

eaual r ' ® weight of sample becomes 

equal to one hundred times the chemical factor. If the weight 

of product IS numerically eqml to the weight of sample, thL 
values cancel, and the percentage of desired constituent becomes 
equal to_ one hundred times the chemical factor. Other ratios 
Manway expression and the calculation made in a 

^ is 

fW It IS desired to regulate the weight of sample taken so 

at each centigram of the precipitate obtained shall represent 
1 per cent of the desired constituent. 

From the data, the relation between the weight of precipitate 
and the percentage of desired constituent is fixed so that 0 01 

Sy suWtuZ-' “““ 

0.3427 X 0.01 X - 


X 

X 


0.3427 gram. Jins. 


Similarly, if the problem reads “so that the number of centi- 
^ams of precipitate obtained shall represent the percentage of 
desired constituent,” the expression is exactly the same, and the 
weight of sample is, as above, 0.3427 gram. 

0 3^7^^Tf chemical factor of a certain analysis is 

sotW. "®g«Iate the weight of sample taken 

so that every two centigrams of precipitate obtained shall repre- 
sent 1 per cent of the desired constituent. 

The ratio between the weight of precipitate and the percentage 
of desired constituent is so fixed that 0.02 gram==>l per cent, and 
tne problem involves only substitution : 

0.3427 X 0.02 X ' 


X 

X 


0.6854 gram. .4ns. 

On the other hand, if the problem reads, "so that twice the 
number of centigrams of precipitate obtained shall represent the 
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percentage of desired constituent/’ the number of centigrams 
must be multiplied by 2 in order to become equal to the per- 
centage. Hence^ the expression for substitution becomes 

““ gram=<^l per cent, where it is seen that the above condition 

is fulfilled. 


0.3427 X 


0.01 

2 



1 


a; ==0.1714 gram. Ans. 


Example III. — The chemical factor of a certain analysis is 
0.3427. It is desired to regulate the weight of sample so that 
three-fourths of the weight in grams of the precipitate obtained 
shall equal one-fiftieth of the percentage of desired constituent. 

It is only necessary to substitute in the expression such numer- 
ical values for the weight of precipitate and the percentage of 
constituent that three-fourths of the former shall equal one-fifti- 
eth of the latter. This is most simply done by taking the respec- 
tive reciprocals of the given ratios, thus: 

4 

^ gram =c= 50 per cent, 


where it is seen that the condition is fulfilled. 

Substituting and solving, 

0.3427 X I X ™ = 50 
3 X 

X = 0.9135 gram. Arts, 

Problems 

55. In the analysis of a sample of feldspar for silica, the sample is fused, 
dissolved in HCl, and the solution is evaporated to dryness, heated, and 
treated with acid. The residue is weighed as Si02. What weight of sample 
should be taken for analysis so that (a) each centigram of residue shall repre- 
sent 1 per cent Si02; (5) the number of centigrams shall represent directly 
the percentage Si 02 ; (c) every two centigrams of residue shall represent 1 
per cent Si() 2 ; (d) twice the number of centigrams shall equal the per- 
centage of Si 02 ? 

(a) 1.00 gram; (h) 1.00 gram; (c) 2.00 grams; (d) 0.500 gram. 

56. In the analysis of a sample of lead salt, the lead is determined as 
PbS 04 . What weight of sample should be taken for analysis such that the 
weight of lead sulphate in grams obtained shall represent (a) }4o the per- 
centage of lead in the sample expressed as Pb; (h) the percentage of 
lead expressed as PbO^; (c) lio the percentage of lead expressed as PbCr 04 ? 

Ans, (a) 2.277 grams; (h) 2,629 grams; (c) 3.553 grams. 


il 

i 


i • 

j| 
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67. A sample of ammonium salt is analyzed by precipitating the 
ammonium radical as (NHdsPtCle and igniting the precipitate to metallic 
platinum. Calculate the weight of sample to be taken for analysis (a) so 
that the weight of ignited precipitate in grams multiplied by the atomic 
weight of platiiium shall give the per cent N in the sample; (h) so that 
the weight of ignited precipitate in milligrams multiplied by Koo shall 
equal four-thirds of the percent NHa in the sample. 

Am, 0.07357 gram; (h) 0.7753 gram. 

58. What weight of dolomite should be taken for analysis so that the per 
cent Mg is found by multiplying by 50 the weight in grams of MgoPaOr 
obtained? 

Am. 0.4368 gram. 

59. What weight of substance containing iron should be taken for analysis 
so that each milligram of ignited Fe 203 corresponds to 0.1 per cent FeO in 
the sample? 

Am. 0.8998 gram. 

60. What weight of cast iron should be taken for analysis so that the 
weight of ignited Si02 in centigrams will be equal to }4 of the per cent Si in 
the cast iron? 

Am. 0.156 gram. 

61. What weight of pyrite should be taken for analysis such that one gram 
of BaS 04 will be obtained for each 40 per cent sulphur in the sample? 

Am. 0.3433 gram. 

62. Calculate the weight of limestone to be taken so that the centigrams 
of CaO obtained and the percentage of Ca in the sample shall be in the 
respective ratio of 7 to 5. 

-4ns. 1.001 grams. 

16. Calculation of the Volume of a Reagent Required for a 
Given Reaction. The volume of a solution required to carry 
out a given reaction may be calculated by gravimetric methods if 
the^ quantitative composition of the solution is definitely known. 
This composition may be expressed as the weight of solute 
contained in a unit volume of solution or in such a way that the 
weight of solute per unit volume can be directly determined. 
Thus, the concentration of the solution may be expressed in 
terms of the number of moles (molecular weight in grams) of 
solute or the number of equivalents (discussed in detail in 
Chap. VII) of solute in a given volume. Likewise, if the percent- 
age-by-weight composition of the reagent and its specific gravity 
are known, the weight of solute in a unit volume of solution may 
be found. In all these cases, the volume of the solution required 
for a given reaction can be calculated. The principles involved 
are the same as those outlined in the preceding sections. The 
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weight of the reactive component of the required reagent is 
determined by means of the weight of the substance reacted 
upon and the chemical factor. This weight, divided by the 
weight of the solute per unit volume of solution, will give the 
volume of solution required for the reaction. 

When the strength of the reagent is given in terms of grams 
per liter, the determination is very simple. 

Example L— How many cubic centimeters of barium chloride 
solution containing 90.0 grams of BaCl2.2H20 per liter are 
required to precipitate the sulphate as BaS04 from 10.0 grams of 
pure Na2SO4.10H2O? 

The weight of BaCl2.2H20 for the precipitation is found by 
means of the chemical factor, thus, 

X slSfe®'- “•“xl- =7.®8ram.„fEaCU.2H.O. 


Since each cubic centimeter of reagent contains 0.0900 gram of 
BaCl2.2H20, the volume of solution required is 


7.58 

0.0900^ 


84.2 c.c. Ans. 


When the concentration of the required reagent is expressed 
in terms of the percentage by weight of the solute, the specific 
gravity of the solution must also be known in order to determine 
the volume required. There is no exact mathematical relation- 
ship between these two factors, but tables are given in all stand- 
ard chemical handbooks showing this relationship for solutions 
of common substances experimentally determined at many 
different concentrations. Consequently, when a problem in- 
cludes only one of these factors, tables must be consulted in 
order to determine the other. In the appendix of this book 
specific gravity-percentage tables are given for a few common 
acids and bases. 

Example IL — How many cubic centimeters of ammonia 
water of specific gravity 0.950 (containing 12.72 per cent of NH3 
by weight) are required to precipitate the iron from 0.8000 gram 
of pure ferrous ammonium sulphate, FeS04.(NH4)2S04.6H20, 
aftei\ oxidation of the iron to the ferric state? 
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In general, with problems of this type time will be saved if the 
final multiplications and divisions are not made until all the 
factors are combined and expressed as a whole. In the above 
example the only essential factors are 
0.8000 X 51.10 


Since three molecules of ammonia are required to precipitate 
one atom of ferric iron: 

^:Fe+++ + 3NH3 + 3H2O Fe(OH )3 + 

it follows that the weight of NH3 necessary to precipitate the 
iron from 0.8000 gram of ferrous ammonium sulphate will be 


0.8000 X 


3NH3 

FeS04.(NH4)2S04.6H20' 


0.8000 X 


51,10 


392.1 

0.1043 gram of NHg. 

Since the ammonia water has a specific gravity of 0.950 and 
contains 12.74 per cent of NHg by weight, 1 c.c. of the solution 
weighs 0.950 gram of which 12.74 per cent by weight is NH3 and 
87.26 per cent by weight is water. The actual weight of* NH3 
in 1 c.c. of solution is therefore 0.950 X 0.1274, = 0.121 gram. 
Since 0.1043 gram of NH3 is required to precipitate the iron and 
since each cubic centimeter of the solution contains 0.121 gram 
of NH3, it follows that the volume of solution required is 
0.1043 


0.121 


= 0.862 c.c. Ans. 


As explained in Sect. 11, in calculations of this type, the com- 
putations should not be carried through unnecessary steps. In 
the example above, it is not necessary to compute the weight of 
iron contained in the ferrous ammonium sulphate, the weight 
of ammonium hydroxide required to precipitate the iron, and 
the weight of anhydrous ammonia contained in the ammonium 
hydroxide. On expressing the whole, the common factors cancel : 


0.8000 X 


FeS04.(NH4)2S04.6H;0 ^ 
SNH, 


(3NH4OH)* 

(Fe)* 

= 0.1043 gram of NH3. 


0.1043 

0.121 


(3NH4OH)* 

0.862 c.c. as above. 
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A very similar type of problem is one in which it is required 
to calculate the volume of a solution of given percentage com- 
position required to react with a certain volume of another solu- 
tion of given percentage composition. By computing the weight 
of reacting component in the given volume of the latter solution, 
the problem becomes exactly like the one discussed above. 

Example III. — How many cubic centimeters of hydrochloric 
acid (sp. gr. 1.140, containing 27.66 per cent HCl by weight) are 
required to neutralize 75.0 c.c. of ammonium hydroxide (sp. gr. 
0.960 containing 9.91 per cent NH 3 by weight) ? 

In 75.0 c.c. of the ammonia solution there are 

75.0 X 0.960 X 0.0991 grams of NHs. 

The required weight of HCl for this NH3 is • 


75.0 X 0.960 X 0.0991 X = 

IN Jils 


75.0 X 0.960 X 0.0991 X grams. 


Since each cubic centimeter of the acid contains 1.140 X 0.2766 
gram of HCl, the volume of acid required is 

75.0 X 0.960 X 0.0991 X 36.46 
' i.i40 X 0.2766 X 17.02 ^ ^ 




Problems 

63. It is desired to precipitate completely the silver from a solution which 
contains 0,250 gram of silver. How many cubic centimeters of ammonium 
chloride solution (53.6 grams of NH4CI per liter) will be required? 

2.31 c.c. 

64. How many cubic centimeters of bromine water containing 30 grams 
of Br2 per liter will be required to oxidize the iron in 2.176 grams of pure 
FeS04.7H20 in the presence of acid? (2Fe+*** 4* Br2'->2 Fe++“*‘ 4 2Br“). 

Ans. ,20.9 c.c. 

66. What volume of ammonium oxalate solution (35.1 grams of 
(NH4)2C204.H20 per liter) will be required to precipitate the calcium as 
CaC204 from 0.1242 gram of apatite (Ca3(P04)2.0aCl2)? What volume of 
‘^magnesia mixture” containing one mole (molecular weight in grams) of 
MgCb per liter will be necessary to precipitate the phosphate as 
MgNH4P04 from the filtrate from the calcium determination? 

Ans. 4.77 c.c.; 0.59 c.c. 

66. In the precipitation of arsenic as MgNHiAsOi from a solution of 
0.4000 gram of pure AS2O3 which has been oxidized to arsenic acid, it is 
desired to add sufficient magnesium chloride reagent (64 grams MgCh per 
3 
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liter) to |)reeipitate the arsenic and also iiave 0.2 gram of Mg reinaiiiiijg in 
solution. What volume is required? 

Am. 18.26 c.c. 

67. Chloride samples are to be prepared for student analysis by using the 
chlorides pf sodium, potassium, and ammonium,— alone or mixed in various 
proportions. How many cubic centimeters of 5 per cent silver nitrate 
{i.e. containing 5 grams AgNOs in 100 grams of solution) of specific gravity 
1.041 must be added to a 0.300-gram sample in order to insure complete 
precipitation in every possible case? 

Am. 18.3 c.c. 

68. Given a solution of nitric acid (sp. gr. 1.200, containing 32.36 per cent 
HNOs by weight). How many grams of HNOg are contained in 1 c.c. of the 
solution? 

Am. 0.3884 gram. 

69 . Calculate the weight of HNOs in (a) 10 c.c. of nitric acid, sp. gr. 1.230, 
containing 36.78 per cent HNOgby weight; (h) 9.50 c.c. of nitric acid, sp. gr. 
1.150; (c) 21.2 c.c. of nitric acid, sp. gr. 1.473. 

Am. (a) 4.525 grams; (b) 2.71 grams; (c) 26.17 grams. 

70 . How many cubic centimeters of aqueous ammonia (sp. gr. 0.900) are 
required to precipitate the iron as Fe (OH) 3 from a half-gram sample of pure 
Fe2(S04)3.9H20? 

Am. 0.36 c.c. 

71 . Calculate the volume of hydrochloric acid (sp. gr. 1.050, containing 
10.17 per cent HCl by weight) to neutralize (a) 48.6 c.c, of a solution of 
KOH (sp. gr. 1.100 containing 12.0 per cent KOH by weight); (b) 152.1 c.c. 
of a solution of NaOH (sp. gr. 1.327) ; (c) a solution containing ten grams of 
pure KOH; (d) a solution containing 10 grams of impure KOH (96.6 per 
cent KOH, 2.2 per cent K2CO3, 1.2 per cent H2O); (e) 25,3 c.c. of ammonia 
water containing 15.04 per cent by weight of NH3. 

Am. (a) 39.0 c.c.; (b) 508 c.c.; (c) 60.87 c.c.; (d) 59.8 c.c. ; (e) 80.0 c.c. 

72 . The following are added to water: 1.60 grams of pure Na-iCOa, 
2.21 c.c. of H2SO4 solution (sp. gr. 1.700), and 16.0 c.c. of KOH solution 
(56 grams of solid per liter). This solution is to be brought to the exact 
neutral point. The solutions available for this purpose are bydroch oric 
acid (sp. gr. 1.141) and ammonia water (sp. gr, 0.930). Which should be 
used ? What volume is required? 

Am. 1.26 c.c. of ammonia water. 

73. In the reaction 2NaCl + H2S04“->Na2S04 -j- 2HCi it is desired to add 
sufficient sulphuric acid (sp. gr. 1.835) to liberate that amount of HCl which 
when absorbed in water will furnish 250 c.c. of solution of specific gravity 
1.040. Calculate the volume necessary. 

Am. 16.7 c.c. 


16. Indirect Analyses.— There are many types of indirect 
analyses in analytical chemistry of which some pertain to 
Gravimetric Analysis, some to Volumetric Analysis, and some to a 
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combination of the two. Problems relating to indirect analyses 
differ from those of direct analyses in much the same way that 
algebraic equations involving two or more unknown quantities 
differ from those involving only one unknown quantity. Indeed, 
such indirect problems are often solved by algebraic methods! 

The simplest type of indirect problem is that in which two 
pure chemical substances are isolated and weighed together. 
Then either by further chemical action on the substances or by 
chemical analysis of a new sample of .the same material, addi- 
tional data are derived by which one of the components is 
determined. The other component is then found by dif- 
ference. 

EkAMPLE I. — In the analysis of a 2-gram sample of lime- 
stone, the weight of combined oxides of iron and aluminum 
(FeaOs + AI2O3) is found to be 0.0812 gram. By volumetric 
methods, the percentage of total iron as FeO is found to be 
1.50 per cent. What is the percentage of AI2O3 in the sample? 

1 

Weight of FeO = 2.00 X = 0.0300 gram. 


Weight of Fe 203 = 0.0300 X 


Fe203 


0.0333 gram. 


2FeO 

Weight of AI 2 O 3 — 0.0812 — 0.0333 = 0.0479 gram. 

0 0479 

Percentage of AI2O3 = X 100 = 2.40 per cent. Ans. 


2.00 


A second general type of indirect analysis is that in which 
two chemical substances are isolated and weighed together. 
Then another measure of the two substances is obtained either 
by converting them to two different compounds and again 
finding the combined weights, or by determining the amount of 
reagent required to effect such conversion. In this way, using 
algebraic symbols to represent the unknown quantities, two 
independent equations may be formulated, and from them the 
values of the unknowns may be determined. For the sake of 
precision it is advisable to solve simultaneously by cross-multiply- 
ing the respective coefficients of the unknowns, for in this way 
larger coefficients for the symbols are obtained. It is evident 
that this type of problem may be extended to any number of 
unknown quantities, provided sufficient data are given to allow 
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the formulation of as many algebraic equations as there are 
unknowns. 

Example II. — In the analysis of a 0.5000-gram sample of 
feldspar, a mixture of the chlorides of sodium and potassium is 
obtained which weighs 0.1180 gram. Subsequent treatment 
with silver nitrate furnishes 0.2451 gram of silver chloride. 
What is the percentage of ]Sra20 and of K2O in the sample? 

Let X = weight of KCI, 

and y = "weight of NaCl. 

Then (1) x + y = 0.1180. 

Number of gi-ams of AgCl obtainable from x grams of KCI 

\KGl) 

= 1.923a;. 

Number of gi-ams of AgCl obtainable from y grams of NaCI 

y VNaCi; 

= 2.452y. 

Therefore, (2) 1.923a: + 2.4522/ = 0.2451. 

Solving (1) and (2) simultaneously 

X = 0.0837 gram of KCI 
y = 0.0343 gram of NaCl 


Per cent K2O = 

\2KC1/ 0.500 


10 . 6 . 


(.pnt Nn O - / N'aaO '^ 0.0343 X 100 „ „ , , 

Per cent Na^O - 3.64. Ana. 


Problems 

74. In the analysis of a sample of feldspar weighing LOGO grams, a mixture 
of the chlorides of sodium and potassium is obtained which weighs 0.2137 
pam. Subsequent treatment converts the potassium into KaPtCls, weigh- 
ing 0.4910 gram. What is the percentage of Na20 in the sample? 

Ans* 3.19 per cent. 

76 . A mixture of 0.2600 gram of ferric oxide and 0.4600 gram of aluminum 
oxide is ignited in hydrogen, the ferric oxide alone being reduced to metallic 
iron. What is the final weight? 

Ans. 0.6318 gram. 

76 . A silicate weighing 0.6000 gram yields a mixture of pure NaCl and 
pure KCI weighing 0.1800 gram. In this residue the KCI is converted to 
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K 2 Pt.Ci 6 weighiiig 0.2700 gram. Find the per cent K 2 O and the per cent 
Na 20 in the silicate. 

ilns. 8.72 per cent K 2 O; 8.60 per cent Na20. 

77. In the analysis of a sample of feldspar weighing 0.7500 gram there is 
obtained 0.2200 gram of NaCl -h KCL These chlorides are dissolved in 
water and treated with chloroplatinic acid. The precipitate of K 2 PtCl 6 
after treatment with alcohol is filtered on a Gooch crucible, dried, and ignited 
in hydrogen; after washing with hot water, the residual platinum then 
weighs 0.0950 gram. Compute the percentages of NaaO and K 2 O in the 
feldspar. 

10.42 per cent Na20; 6.11 per cent K 2 O. 

78. A mixture of silver chloride and silver bromide is found to contain 
66.35 per cent of silver. What is the percentage of bromine? 

Ans, 21.3 per cent. 

A mixture of silver chloride and silver bromide weighs 0,5267 gium. 
By treatment with chlorine, the silver bromide is converted into silver chlor- 
ide, and the. total weight of chloride becomes 0.4269 gram. What is the 
weight of bromine in the original mixture? 

A 71 S, 0.179 gram. 

“ 80, A mixture of pure CaO and pure BaO weighing 0.6411 gram yields 

1.1201 grams of pure mixed sulphates. Find the percentage of,Ba and of 
Ga in the original mixture. 

A«s. 17.6 per cent Ca; 67.4 per cent Ba. 

81. A sample of silicate weighing 0.6000 gram yields 0.1803 gram of a 
mixture of pure NaCl and pure KCL When these are dissolved and treated, 
with AgNOa, the resulting precipitate of AgCl is found to weigh 0.3904 gram. 
Calculate the per cent NaaO and the per cent K 2 O. 

7.32 per cent Na20; 10.27 per cent K 2 O. 

From a sample of feldspar a mixture of KCl and NaCl is obtained 
which weighs 0.1506 gram and contains 55.00 per cent chlorine. What 
weight of K 2 PtCl 6 could be obtained from the KCl? 

0.212 gram. 

83. A mixture of BaCl2.2H20 and LiCl weighs 0.6000 grain, and with 
silver nitrate solution yields 1.440 grams of AgCl. Calculate the per cent 
Ba in the original mixture. 

Ans, 25.0 per cent. 

84. A mixture of pure NaCl and pure Nal weighs 0,4000 gram and yields 
with AgNOs a precipitate of AgCi and Agl which weighs 0.8981 gram. 
Find the per cent iodine present in the original mixture. 

19.8 per cent. 

85. What percentage of MgCOs is present with pure BaCOa so that the 
mixture contains the same CO 2 content as if it were pure CaCOs? 

Ans, 72.5 per cent. 


17. Calculation of Atomic Weights.— It is assumed that the 
student is already familiar with the principles underlying the 
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detcrminatioii of the atomic weights of the elements, but- for 
purposes of review, these principles are outlined below, 

1. The atomic weight of an element is the weight of its atom 
as compared to the weight of an atom of oxygen, which, for 
convenience is given the value 16. 

2. Since the atoms themselves cannot be weighed, indirect 
methods must be used to determine the^ atomic weight of an 
element. 

3. In ordinary chemical reactions, the atoms are indivisible 
and must react as units. The molecule of a chemical compound 
therefore contains whole numbers of atoms of each elementary 
constituent. 

4. The number of unit weights of an element which will 
exactly combine with 16 unit weights of oxygen, or with an 
amount of some other element which in turn will combine with 16 
unit weights of oxygen, represents either the atomic weight of 
the given element or a simple multiple or sub-multiple of it. 

5. The atomic weight is obtained by determining which multi- 
ple or sub-multiple of the combining weight it is. Since only an 
approximate determination is necessary to establish this multiple, 
any one of the following principles may be used, for the purpose: 

(а) The gram-atomic weight (atomic weight in grams) of an 
element may be taken as the smallest of the weights of the 
element found in 22.4 liters (the gram-molecular volume) of all 
its volatile compounds when measured under standard conditions. 
In case there are no volatile compounds, other methods may 
sometimes be used to determine the molecular weights of the 
compounds, for example, the raising of boiling-points and the 
lowering of freezing-points. The value obtained by these 
methods may possibly still be a multiple of the atomic weight, 
but in the absence of further data and for all practical purposes, 
this value is as serviceable as the true atomic weight would be. 

(б) The physical and chemical properties of the element 
usually serve to place it in its proper position in the periodic 
tables, where its approximate atomic weight may be found. 

(c) The Law of Dulong and Petit states that the atomic weight 
of an element may, with few exceptions, be fairly approximately 
determined by dividing the value 6.4 by the specific heat of the 
element. 
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These priaciples are illustrated by the following: 

I. A certain element gives a compound with lead which on care- 
ful analysis is found to contain 43.548 per cent of the element and 
56.452 per cent of lead. Since 207.20 grams of lead will combine 
with 16 grams of oxygen to form PbO, and since the weight of the 

207,20 

element combined with this weight of lead is 43.548 X 55^2^” 

159.84, grams the value 159.84 or its simple multiple or sub- 
multiple must represent the atomic weight of the element. 

II. The following compounds of the same element are either 
gaseous or can be measured in the gaseous state, and the gram- 
molecular volume contains in each case the approximate weights 
of the element given below: 

Approx. Wt. of Element 
IK 22.4 Liters op Gaseous 
Compound, Grams 


Elementary gas. 160 

Hydrogen compound 80 

Boron compound. .... 240 

Methyl compound 80 

Ethyl compound 80 

Phenyl compound 80 

Ethylene compound 160 


Apparently the smallest possible weight of the element in the 
molecular weight of any of its compounds is approximately 80, 

159 84 

and the correct atomic weight is therefore - ? = 79.92. It 

should be emphasized that since the quantitative measurement 
of a gas, which in itself cannot follow the gas laws exactly, is of 
lower degree of accuracy than a carefully made quantitative 
analysis, it should be used only to show which member of the 
combining-weight series represents the atomic weight, and should 
not be used to furnish the atomic weight itself. 

III. It is found that 0.084 calories are required to raise the 
temperature of one gram of the same element one degree Centi- 
grade. This is therefore the specific heat of the element, and 
according to the Law of Dulong and Petit, the approximate 
6.4 ' . ■ ' . 

atomic weight is = 76. The simple multiple of the com- 

, . , . . 159,84 

bining weight which approximates this value is again g”" ' ™ 
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79.02. Hence, 79.92 is considered the atomic weight of the 
element. 

Determinations of atomic weight values in the future will be 
chiefly concerned with revisions of those already established in 
order that their accuracy may be in keeping with improved 
apparatus and methods. In such cases, the formulae of the 
compounds involved are well established and the required 
calculations are thereby made very simple. The experimental 
procedure usually followed is to prepare from the element a known 
compound of high degree of purity. This compound is weighed 
and the percentages of its constituents are determined gravi- 
metrically. The mathematical computations involved are 
exactly similar to those of an ordinary gravimetric analysis, 
except that the atomic weight of the desired element is the only 
unknown factor. 

Example I. — Carefully purified sodium chloride weighing 

2.56823 grams furnishes 6.2971grams of silver chloride. Assum- 
ing the atomic weights of the chlorine and silver to be established 
as 35.46 and 107.88 respectively, calculate the atomic weight 
of sodium. 

Weight of NaCl = weight of AgCl X 

AgCl 

2.56823 = 6.2971 X 


2.56823 = 6.2971 X 
Solving, Na = 23.00 


AgCl 

Na + 35.46 
107.88 4 - 36.46‘ 
Ans. 


Problems 

86. If silver phosphate is found by careful analysis to contain 77.300 per 
cent silver, what is the atomic weight of phosphorus (Ag = 107.88)? 

Ans. 31.04. 

87 . From an average of 13 experiments, Baxter finds the ratio of silver 
bromide to silver chloride to be 1.310171. Taking the atomic weight of 
silver as 107.880 and that of chlorine as 35.457, what is the atomic weight 
of bromine? 

Ans. 79.915. 

88. The atomic weight of tellurium may be determined by finding the 
weights of tellurium bromide obtainable from samples of the pure element. 
Prom the following values, calculate the average value for the atomic weight 
of tellurium (Br = 79.92) : 
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Gkams of TeBR4 


1 0.30055 1.05426 

2 0.19981 0.70095 

3 . 0.22032 0.77305 

4 0.15816 0.55472 

6 0.43691 1.53236 

6 0.29811 1.04549 

4ns. 127.48. 


89. In. determining the atomic weight of manganese, Berzelius in 1828 
obtained 0.7225 gram of MnsOj from 0.5075 gram of Mn. Von Hauer in 
1857 obtained 13.719 grams of Mn304 from 12.7608 grams of MnO. In 
1906, Baxter and Hines obtained an average of 11.43300 grams of AgBr 
from 6.53738 grams of MnBrs. What are the three values as determined? 
(Br — 79.916). Assuming the last value to be correct, what were the per- 
centage errors of the results obtained by Berzelius and Von Hauer? 

Am. 56.66; 55.024; 54.932; 3.15 per cent; 0.166 percent. 

90. In determining the atomic weight of boron. Smith and Van Haagen 
obtained the data given below and assumed the following atomic weights- 
O = 16.00; Na = 22.997; Cl = 35.457; S = 32.069; N = 14.010; C =’ 
12.005. Calculate the atomic weight of boron from each result and express 
the average value to five significant figures. Which figures do you consider 
uncertain? 

(а) 0.89853 gram Na2B407 yielded 0.52112 gram NaCl 
(5) 0.89853 gram Na2B407 yielded 0.63313 gram NajSOi 

(c) 0.69695 gram Na2B407 yielded 0.49113 gram NaaSOi 

(d) 1.59374 grams Na2B407 yielded 1. 12315 grams Na2S04 

(e) 1.86468 grams Na2B407 yielded 1.57250 grams NaNOs 
(J) 1.97702 grams Na2B407 yielded 1.03946 grams Na2COi 
(<?) 1.60201 grams Na2B *07 yielded 1.12889 grams Na2S04 
(h) 2.64768 grams Na2B407 yielded 1.86597 grams Na2S04, 

Ans. (a) 10 . 896 

(б) 10.905 

(c) 10. 901 

(d) 10.898 

(e) 10.900 
(J) 10.903 
(g) 10.902 
(/j) 10.896 

Av.... 10.900. 


91. In determining the atomic weights of sodium and chlorine, Richards 
and Wells carried out three series of experiments, the final results of which 
were as follows : 

I. In 10 experiments, 44.5274 grams of NaCl yielded 109.1897 grams of 
AgCl. 
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II. In 12 experiments, 49.5007 grams of NaCi were found to be equiva- 
lent to 91.3543 grams of Ag. 

III. In 10 experiments, 82.6689 grams of Ag yielded 109.8395 grams of 
AgCl. 

Assuming the atomic weight of silver to be 107.920 the atomic weight of 
chlorine was calculated from the results of Series III, and using the value 
obtained, the atomic weight of sodium was calculated from the data of 
Series I and also from the data of Series II. What were the values obtained ? 
Ans, Cl - 35.470 

Na (a) 23.004 
( 6 ) 23.007 

92. In determining the atomic weight of arsenic, Baxter and Coffin 
converted several samples of Ag3As04 into AgCl and found the average 

3AgCl Ag 

value for the factor 7 — — ~ to be 0.929550. Using the factor - 7 - 77 ; as found 
Ag3As04 AgCl 

by Richards and Wells to be 0.752632, calculate the percentage of Ag in 
Ag 3 As 04 . Taking the atomic weight of silver as 107.880 calculate to five 
figures the atomic weight of arsenic. What would be the percentage error 
in this last value if the atomic weight of silver were really 107.870? 

Arts, 69,9609 per cent; 74.961 per cent; 0.017 per cent. 

18. Analysis by Electrolysis. — Quantitative Analysis by means 
of electrochemical methods is usually restricted to the deter- 
mination of metals. An electric current is passed, under suitable 
conditions, through a solution of the salt of a metal, and the 
metal itself is gradually deposited, usually in the elementary 
condition upon one of the electrodes. The calculation of the 
amount of metal which will be deposited at the end of a given 
time is founded on Faraday^s Laws which may be stated as 
follows: 

1. The mass of any substance deposited at an electrode is 
proportional to the quantity of electricity which passes through 
the solution. 

2. The amounts of different substances liberated at the 
electrodes by the passage of the same quantity of electricity 
are proportional to the equivalent weights of the substances. 

Current strength is expressed in terms of the ampere^ which 
is defined as that strength of current which when passed through 
a solution of silver nitrate under certain standard conditions, 
will deposit silver at the rate of 0.001118 gram per second. 

Quantities of electricity are expressed in terms of the coulomb, 
which , is defined as that quantity of electricity which passes 
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through a conductor in one second when the current is one 
ampere. That is, 

Q = It, 

where Q = quantity of electricity in coulombs, 

I = current strength in amperes, 
t = time in seconds. 

From Faraday’s first law it follows that the weight of a sub- 
stance liberated from solution by electrolysis during a given 
time will be directly proportional to the current strength, and 
under a given amperage will be directly proportional to the time. 

Faraday’s second law states that the weights of different 
substances liberated at the electrodes by a given quantity of 
electricity are proportional to the respective equivalent weights. 
The equivalent weight of an element in this case may be found by 
dividing its atomic weight by its valence. By experiment it is 
found that 96,500 coulombs are required to liberate a gram- 
equivalent weight (equivalent weight in grams) of any substance. 
Thus, 96,500 coulombs of electricity are capable of depositing 

— 107.88 grams of silver from a solution of a silver salt; of 

; = 27.92 grams of iron from a solution of ferrous salt; and 
Fe“H"+ 

"" 3 — ^ ~ 18.61 grams of iron from a solution of ferric salt. The 

value 96,500 coulombs may be taken as a unit of quantity in 
electrochemical measurements, and in that capacity it is called a 
Faraday. One Faraday = 96,500 coulombs, = 96,500 ampere- 
seconds, = 26.81 ampere-hours. 

Example I. — How many grams of copper will be deposited in 
3 hours by a current of 4 amperes, assuming no other reactions to 
take place at the cathode? 

t — 3 X 3600 = 10,800 seconds. 

Number of coulombs = It — 4 X 10,800 — 43,200. 
Cu++ 


1 Faraday would deposit 


= 3L79 grams of copper 


43,200 coulombs would deposit X 31.79, = 


14.23 grams Cu. Ans. 
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It «kould be noted that Faraday’s Laws apply to eachelectrodo 
A cuiient of one ampere flowing for 96,500 seconds through a 
gpper sulphate solution is not only capable of deposfting 

= 31.79 grams of copper at the cathode, but also will 

liberate = 8.000 grams of oxygen gas at the anode. Fara- 
day’s second law appUes only when all the current serves for the 
decomposition of the substance in question; that is, it assumes 
100 per cent current efiiciency. In actual analyses, this is 

ot usually the case. The electrolysis of an acid solution of a 
copper salt will not only cause the deposition of copper at the 
cathode, but small amounts of hydrogen gas will be liberated. 
In such cases, the sum of the weights of the products discharged 
at each electrode exactly corresponds to the law. That is in 
the copper electrolysis, for each Faraday of electricity passed, the 
number of grana-equivalent weights of copper deposited added 
to the number of gram-equivalent weights of hydrogen liberated 
will be unity. In problems of electro-analysis, unless otherwise 
specifted, 100 per cent current efiiciency may be assumed. 

Other electrical units which are frequently used in electro- 
chemical computations are as follows: 

The ohm, R, is the unit of resistance. It is the resistance 
offered to a constant current of electricity at 0°C. by a column 
of mercury one square millimeter in cross-section and 106 3 
centimeters long. 

The volt, E, is the unit of electromotive force or electrical 
pressure. Its relation to the ampere and ohm is expressed bv 
Ohm’s Law: 

E = IR. 

The joule, J, is the unit of work. It is represented by the 
energy expended in one second by a current of one ampere against 
a resistance of one ohm: 

J = Elt = EQ = lO'’ ergs. 

The watt, W, is the unit of power. It is represented by the 
work done at the rate of one joule per second 

W = El. / = Wt. 
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Problems 

9S« A 100 watt, 110 volt incandescent lamp is connected in series with an 
electrolytic cell. What weight of cadmium could be deposited from solution 
by the current in 30 minutes? 

Afis, 0.953 grams 

94. How many minutes will it take for a current of 0.5 ampere to cause 
the deposition of 500 milligrams of silver from nitric acid solution assuming 
80 per cent current efficiency? 

Ans, 18.6 minutes. 

95. How many coulombs of electricity are required to deposit 0,1000 gram 
of cobalt from a solution of cobaltous salt? How many amperes w^ould be 
required to deposit that amount in 20 minutes, 20 seconds? How many 
grams of nickel wmuld be deposited under identical conditions? 

Ana. 327. 3 coulombs. 

0.2682 amperes. 

0.09951 gram. 

96. Under identical conditions of current efficiency, etc., what weight of 
antimony could be deposited from a thio-antimonate solution in the same 
length of time required for the deposition of 0.2060 gram of zinc? 

Am, 0.1515 gram. 

97. Using a current at 8 volts how much electrical energy is theoretically 
required to deposit (a) 0.100 gram of gold; (h) 0.100 gram of mercury from 
solutions containing these metals in the higher state of oxidation? 

Ans. (a) 1180 joules. 

(h) 770 joules. 

98. What weight of copper will be deposited from cupric solution by a 
current of 1.5 amperes during a period of 45 minutes, assuming 100 per cent 
current efficiency? 

Ans. 0, 1336 gram. 

99. What weights of Cu, of Zn, and of Pb02 will be deposited in separate 
electrolytic cells assuming 100 per cent current yield by a current of 0.08 
ampere flowing for 30 hours? 

Am. 2.85 grams Cu. 

2.93 grams Zn. 

10.7 grams Pb02. 

100. Using a rotating electrode, Sand obtained 0.240 gram of copper from 
a nitric acid solution of copper sulphate in 6 minutes. A current of 10 
amperes under 2.8 volts was used. What electrical energy was expended 
and what w^as the current efficiency? 

Am. 10,080 joules. 

20.2 per cent. 

101. How many grams of tin will be deposited from a solution of stannous 
salt by a current of 5.5 amperes in 25 minutes assuming 3.94 per cent current 
efficiency? 

Am. 0.200 gram. 


I 



I 


I 




102. In a series of experiments, Amberg showed the effect on the rate 
of deposition of palladium brought about by stirring the solution of elec- 
trolyte. With a stirrer revolving 620 times per minute, 0.60 gram of Pd was 
deposited in 4 hours, 27 minutes; at 800 revolutions per minute, 0.95 gram 
was deposited in 4 hours, 30 minutes; at 1000 revolutions per minute, 
2.3 grams were deposited in 6 hours. An average current strength of 0.25 
ampere was used throughout. Calculate the current efficiency in each case. 

Aris. 27.1 per cent. 

42.4 per cent. 

77.0 per cent. 

103. Using a rotating electrode, Langness found that with a current of 
17 amperes and a potential of 10 volts, 0.200 gram of platinum could be 
deposited in 5 minutes from a solution of potassium chloroplatinate. How 
much electrical energy %vas expended per second ? What quantity of elec- 
tricity was used ? What was the current efficiency? 

Ans. 170 joules. 

5,100 coulombs. 

77.5 per cent. 

104. What quantity of electricity is required for (a) the electrolytic 
deposition of 1.196 grams of PbOa; (b) the liberation of 0.800 gram of oxygen 
gas; (c) the liberation of 30.0 c.c. of chlorine when measured under standard 
conditions (one molecular weight in grams occupies 22.4 liters) ? 

Ans. (a) 965 coulombs. 

{b) 9,650 coulombs. 

(c) 259 coulombs. 

106. For how long a time must a current of 1 ampere be passed through 
a dilute solution of sulphuric acid in order to liberate a total volume of 600 
c.c. of gas when measured dry and under standard conditions (one molecular 
weight in grams occupies 22.4 liters)? 

Ans. 57.4 minutes. 

106. With a current of one ampere, what weight of silver would be depos- 
ited in one minute in asilver coulometer? What volume of gas (under stand- 
ard conditions) would be evolved in one minute in a water coulometer? 
(Gram-molecular volume = 22.4 liters), 

Ans. 0.06708 gram. 

10.44 c.c. 

107. Carbonic acid in solution may be reduced to formic acid by means 
of the electric current, the reaction corresponding to the equation: 

HaCOs + H2-~.HC00H + HaO. 

The following data are given by Allmand as a practical illustration of the 
work of Coehn and Jahn {Berichte, 37 2836) : 

^ Carbon dioxide gas is continually bubbled through a saturated solution of 
K2SO4 which serves as an electrolyte. A water coulometer and a copper 
coulometer are connected in series wdth the cell and a current is passed for 
8 hours. Occasionally, the mixture of hydrogen and carbon dioxide which 
continually pass away from the cathode is collected, and after absorbing the 


QUANTITATIVE CHEMICAL analyse 



CALCULATIONS OF GRAVIMETRIC ANALYSIS 


QOa by caustic potash, the volume of the residual hydrogen is compared with 
the volume of the electrolytic gas evolved in the water coulometer during the 
same period. On. one such occasion, the volume of the residual hydrogen is 
10.6 c.c. and the volume of gas from the water coulometer is 60.0 c.c. At the 
end of the 8 hours, 1.23 grams of formic acid (HCOOH) have been formed 
and 2.335 grams of copper have been deposited in the copper coulometer. 

Calculate (a) the current efficiency during the period when the above gas 
sample was taken; (b) the current efficiency and average amperage during the 
entire electrolysis. 

Ans. (a) 73 . 5 per cent. 

(6) 72.8 per cent. 

0.246 ampere. 


CHAPTER V 

CALCULATIONS FROM REPORTED PERCENTAGES 




19. Calculations Involving the Elimination or Introduction of 
a Constituent. It is occasionally necessary to eliminate from or 
introduce into a report of an analysis one or more constituents 
and calculate the results to a new basis. Thus, a mineral may 
contain hygroscopic water which is not an integral part of the 
molecular structure. After complete analysis, it may be desir- 
able to calculate the results to a dry basis as being more repre- 
sentative of the mineral under normal conditions. On the other 
hand, a material may contain a very large amount of water, and 
because of the difficulty of proper sampling, a small sample may 
be taken for the determination of the water while the bulk of the 
material is dried, sampled, and analyzed. It may then be 
desirable to convert the results thus obtained to the basis of the 
original wet sample. This applies equally well to constituents 
other than water, and in any case, the method by which these 
calculations are made is based upon the fact that the constituents 
other than the ones eliminated or introduced are all changed in 
the same proportion, and the total percentage must I’emain the 
same. 

Example I. A sample of lime gave the following analysis: 


CaO.... 

MgO 

Fe203 4" AI 2 O 3 

SiOs 

H 2 O + CO 2 (by loss on ignition) . 


90.15 per cent 
6.14 per cent 
1.03 per cent 
0.55 per cent 
2.16 per cent 


100 . 03 per cent. 

What is the percentage composition of the ignited sample 
assuming the volatile matter to be completely expelled? 

In the sample as given, the total percentage of all constituents 
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is 100.03. The slight variation from the theoretical 100 per cent 
is due to experimental errors in the analysis. The total 
percentage of non-volatile constituents is 100.03 — 2.16, = 
97.87 per cent. Ignition of the sample would therefore increase 
the percentage of each of the non-volatile constituents in the 
ratio of 100.03 to 97.87, and the percentage composition of the 
ignited sample would be: 


CaO 

MgO 

Fe203 + AlaO; 

SiOa 


= 90.15 X 
= 6.14 X 
= 1.03 X 
= 0.55 X 


100.03 

97.87 ' 

100.03 

97787 

100.03 

97.87 

100.03 

97.87 


92.14 per cent 
6.28 per cent 
1.05 per cent 
0.56 per cent 


Ans. 


100.03 per cent. 


Example II. — If the original sample of lime mentioned in the 
preceding problem were heated only sufficiently to reduce the 
percentage of volatile matter from 2.16 per cent to 0.50 per cent, 
what would be the percentage composition of the product? 

In the original sample, the total percentage of non-volatile 
constituents is 100.03 - 2.16, = 97.87 per cent. In the ignited 
sample the total percentage of residual constituents would be 

100.03 — 0.50, = 99.53 per cent. The loss of volatile matter 
would therefore have caused the percentage of the various 
constituents to increase in the ratio of 99.53 to 97.87. Hence the 
percentage composition would be; 


CaO 

MgO 


90.15 X 
6.14 X 


FeaOa -t- AI 2 O 3 — 1.03 X 


SiOa 

Volatile matter 


= 0.55 X 


99.53 

97.87 

99 ^ 

97787 

99.53 

97.87 

99.53 

97.87 


91.68 per cent 

6,24 per cent 

1.05 per cent 

0.56 per cent 
0.50 per cent 


Ans. 


S k 

' f| 


100.03 per cent. 


% 
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Problems 


108. The percentage of copper in a sample of copper ore with a moi<!f..r.. 

content of 8.27 per cent is found to be 36.47 percent. Calculate thepercent ' 
age on a dry sample. pliluh- 

39.76 percent. 

109. A sample of coal as taken from the mine contains 8.32 per cent ash 
An air dned sample of the same coal contains 10.03 per cent ash and 0 53 per 
ceij moisture Calcukte the percentage of moisture in the original sam Je. 

jxTis, i/.ou per cent. ' 

manufactured by the ignition of a sample of dolomite 

The only data as to the composition of the dolomite is as follows; 

96.46 per cent CaCOs 4“ MgCOa 

2.21 per cent SiOg 

10.23 per cent MgO 
1 . 33 per cent H 2 O. 

^ater and 1.37 per cent carbon dioxide 

Calculate the percentage of CaO, MgO and SiOs in the lime. 

Ans» CaO = 76.14 percent. 

MgO == 18.52 per cent. 

SiOg =5= 4,00 per cent. 

CO 2 = 1.37 per cent, 

/•'LiS ^ ^ extracted and the residual pigment is 

Zinc oxide = 24. 9 per cent. 

Lithopone = 51 . 6 per cent. 

Barytes = 23.5 per cent. 


100 . 0 per cent. 

Calculate the percentage composition of the original paint. 

Am. Zmc oxide = 16.6 per cent. 

Litbopone = 34.4 per cent. 

Barytes = 15.7 per cent. 

Vehicle = 33.3 per cent. 

sample of iron ore is analyzed by two chemists. Among 
Other constituents, Chemist A reports : 

Moisture = 1.62 per cent. 

Iron = 43.92 per cent. 

Chemist B reports : 

Moisture = 0.96 per cent. 

Iron = 44.36 per cent. 

Calculate the percentage of iron in both cases on a dry sample. Analysis of 
a dry samp e 3hows A to be correct. Wkat is the error and percedTror 
m the constituent iron m B’s analysis as reported? 
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100.00 per cent. 

The coal is to be sold to analyze on delivery according to the following 
specifications : 

Moisture = Not over 5 per cent. 

Volatile Combustible Matter = To exceed 20 per cent. 

Ash = Not over 12 per cent. 

(a) Will a dry sample cover specifications? 

{h) Will a sample containing the limit of moisture cover specifications? 

(c) What is the analysis of the coal as delivered if specifications are covered 
and the amount of ash is as high as possible? 

Am. (a) No. 

(b) Yes. 

(c) Moisture = 2.52 per cent. 

V. C. M. = 20.64 per cent. 

Coke = 64.84 per cent. 


100.00 per cent. 

115. The moisture content of a sample of Al2(S04)3.18H20 is reduced from 
the theoretical to 7.36 per cent. Calculate the analysis of the partly dried 
material reporting percentage of AI2O3, SO3 and H2O. The original salt 
costs $0.0262 per lb. Calculate the cost of the dried material, considering 
only the loss in water content. 

Ans. AI2O3 ” 27.64 per cent. 

SO3 = 64.98 per cent. 

H2O = 7.36 per cent. 

$0.0473. 


. 4~;: -c-w 


r 
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116. “Air-dry” paper pulp is considered as containing 10 per cent of 
water A sample of wet pulp weighs 737.1 grams and when heated to 

bone-dryness ” weighs 373.6 grams. What is the percentage of “air-drv” 

pulp in the original sample? 

Ans, 56.30 per cent. 

117 . A sample of iime gives the following analysis: 


CaO = 75.12 per cent. 
MgO = 15.81 per cent. 
Si02 = 2.13 per cent. 
Fe 203 = 1.60 per cent. 
CO 2 = 2.16 per cent* 
H 2 O == 3.14 per cent. 


99.96 per cent. 

What K the percentage of each constituent after superficial heating in which 
per cent?"'"*^”*' reduced by one-half and the water content to 1.00 

Ans, CaO = 77.66 per cent. 

MgO = 16. 35 per cent. 

Si 02 = 2.21 percent. 

Fe 203 = 1.66 per cent. 

CO 2 == 1.08 per cent. 

H 2 O = 1,00 per cent. 


99 . 96 per cent. 


20. Calculation of Molecular Formulae from Chemical Analy- 

Given a compound of unknown composition, a chemical 
analysis will determine the proportion in which the constituents 
of the compound exist. The results of such an analysis may then 
be used to calculate the empirical formula of the compound 
Thus, the analysis of a certain salt gives the following results! 


Zinc 

Chlorine 


47.96 per cent 
52.04 per cent 



Dividing the percentage of each constituent by its atomic weight 
will give the number of gram-atomic weights of that constituent 
in 100 grams of the compound. In 100 grams of the above salt 
47 00 

there are present = 0.7335 gram-atomic weights of zinc, 
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and = 1,4674 gram-atomic weights of chloiine. 

numbers are seen to be in the ratio of 1 to 2. The empirical 
formula of the salt is therefore ZnCl 2 , although as far as the 
i above analysis is concerned, the actual formula might be Zn 2 Cl 4 , 

ZnsCle, or any other whole multiple of the empirical formula. 
I In general, the determination of the molecular weight of a com- 

I pound is necessary in order to determine which multiple of the 

I empirical formula will give the actual formula. The usual 

methods of establishing molecular weights by means of vapor 
density, freezing point lowering, boiling point raising, and other 
physico-chemical phenomena should already be familiar to the 
student. (See also Sect. 17.) 

The calculation of molecular formulae plays an important part 
in the analysis of natural minerals. A careful analysis furnishes 
a means of establishing the empirical formula of a mineral of high 
. degree of purity, although its actual formula is usually impossible 
to determine. The method of calculation is similar to that of the 
preceding example, except that the basic constituents of a mineral 
are usually expressed in terms of their oxides. If the percentage 
of each constituent is divided by its molecular weight, the number 
of moles (gram-molecular weights) of that constituent in 100 
, grams of the mineral is obtained. From the ratios of the number 

of moles of the various constituents thus obtained, the formula of 
the mineral may be determined. It should be remembered, 
however, that the analytical methods used in the determination 
of some constituents may give results which are relatively of low 
degree of accuracy. It can hardly be expected, therefore, that 
the number of moles of the various constituents will stand to one 
another exac/it/ in the ratio of small whole numbers, although 
in the actual molecule (except in cases involving isomorphism 
discussed below) they must do so. Indeed, in many cases, 
some judgment must be exercised in order to determine from the 
analysis the true molal ratios of the constituents in the molecule. 
A slide rule will be found to be almost indispensable for this 
purpose, since with one or two settings of the rule, all possible 
ratios are visible. 

Example I. — The analysis of a certain mineral gives the 
following results: 
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AI2O3. 38.07 per cent 

KoO 17.70 per cent 

CaO 10.46 per cent 

Si02 33.70 per cent 


99.93 per cent. 


What is the empirical formula of the mineral? 

In 100 grams of the mineral there are present: 

38,07 38.07 ^ i ^ a t 

^ = 0.3733 moles of AI2O3 


AI2O3 102.0 

17.70 17.70 
K2O 94.20 
10.46 __ 10.46 
CaO 56.07 

33.70 ^ 33.70 
SiOa 60.3 


0.1879 moles of K2O 
0.1865 moles of CaO 
0.559 moles of Si02. 


It is seen that the number of moles of these constituents are 
near enough in the ratio of 2 : 1 : 1 : 3 to be within the limits of 
experimental error.' The molecule is therefore made up of 
2Al203.K20.Ca0.3Si02, and may be written: Al4K2CaSi30i4. 

21. Calculation of Formulae of Minerals Exhibiting Iso- 
morphic Replacement. — Complications arise in the calculation 
of formulae in the cases of minerals exhibiting isomorphic replace- 
ment, — that is, the partial replacement of one constituent by 
one or more other constituents having the same general structure. 
It therefore happens that samples of the same kind of mineral 
obtained from different localities often give on analysis results 
which apparently bear little resemblance to one another, due 
to different degrees of replacement. 

As a general rule, a constituent may be replaced only by an- 
other of the same type and valence. Thus, Fe203 is often par- 
tially or wholly replaced by AI2O3 and vice versa. CaO may be 
replaced by MgO, MnO, FeO, etc. Exceptions are sometimes 
met with, but for purposes of calculation, this assumption may 
be safely made. Since the isomorphic replacement occurs in no 
definite proportion, it follows that the molal amounts of 
the constituents in such minerals do not necessarily bear any 
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simple relation to one another. On the other liaiKi, if con- 
stituent B partially replaces constituent A, since the valences 
are the same, the sum of the molal amounts of A and B would 
be the same as the molal amount of A if it had not been 
replaced. Consequently, when the molal quantities of the 
constituents of a mineral in themselves bear no simple ratio to 
one another, the quantities of constituents of the same type 
should be combined in an effort to obtain sums which do exist in 
ratios of simple whole numbers. 

Example L — A certain mineral gives the following analysis: 


What is the empirical formula? 


The number of moles of each constituent in 100 grams of the 
mineral is found to be: 


0.2025 moles of AI 2 O: 


0.2465 moles. 


0.0440 moles of Fe20; 


0.4932 moles of Ca(3 


0.7389 moles of SiO; 


Only when the molal quantities of the first two constituents 
are combined are all the above numerical results found to be in 
simple ratio to one another, these being approximately as 1 : 2 : 3- 
This shows isomorphic replacement between Fe203 and AI2O3, 
and the formula of the mineral may therefore be written: 
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Problems 

118. From the following percentage composition of ethyl-amine calculate 

its empirical formula : 


Carbon = 53.27 per cent 
Hydrogen = 15.65 per cent 
Nitrogen = 31.08 per cent 


Ans. C2H7N. 


100 . 00 per cent. 


^ 119. Calculate the empirical formula of the compound having the follow- 
ing composition: 


Calcium = 
Hydrogen == 
Phosphorus == 
Oxygen = 


23.53 per cent 
2.37 per cent 
36.49 per cent 
37.61 per cent 


Am, Ca(H2P02)2. 


100.00 per cent. 

I 


120. Calculate the empirical formula of an organic compound having the 
following composition: 

Carbon = 68. 83 per cent 
Hydrogen = 4, 96 per cent 

Oxygen = 26.21 per cent 


100.00 per cent. 

Ans. C7H6O2. 

121. Show that the following analysis of di-ethyl-hydrazine agrees with 

the formula (CaHfi)^ iN.NHz: 

Carbon = 54.55 per cent 

Hydrogen == 13.74 per cent 

Nitrogen = 31.80 per cent 


100.09 per cent. 

/■ lormula of a compound which has a molecular weight 

of 90.03 and IS composed of 

Carbon = 26.67 per cent 
Hydrogen == 2.24 per cent 

Oxygen ^ 71.09 per cent 


100.00 per cent. 

H2C2O4. 
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123. An analysis of prehnite gave the following results: 

HaO = 4.35 per cent 

CaO = 27 . 15 per cent 
AI2O3 = 24.85 per cent 
SiOa = 43.74 per cent 

100 . 09 per cent. 

Calculate the empirical formula of the mineral. 

HaCaaAlaSisOia- 

4 124i Dana gives the composition of vivianite as follows: 

P2O5 == 28.3 per cent 
FeO = 43.0 per cent 
H2O ” 28.7 per cent 

100.0 per cent. 

Show that this conforms to the formula Fe3pa0$.8H20. 

126. A certain compound contains only the following constituents : CaO, 
Na20, SO3. The percentages of these constituents are in the respective 
approximate ratios of 9:10:26. What is the empirical formula of the 
compound? 

Aws. Na2CaS208. 

126. The percentage composition of a certain silicate is given below. 
Calculate the empirical formula of the mineral. 

K2O == 21.53 per cent 
AI2O3 = 23.35 per cent 
Si02 = 55. 12 per cent 

100 . 00 per cent. 

Ans. KAiSi206. 

127. A certain compound of carbon and oxygen has an approximate 
molecular weight of 290, and by analysis is found to contain 50 per cent by 
weight of each constituent. What is the formula of the compound? 

Ans, C12O9. 

128. What is the empirical formula of a simple basic cupric carbonate 
which, according to Rogers, contains 57.4 per cent Cu and 8.1 per cent H2O? 
: Ana.:,.,Cu2(0H)2G03. 

129. The composition of bismutite is given by Ramm as 

CO2 = 6.38 percent 

Bi203 = 89 . 75 per cent 
H2O == 3.87 per cent 

100.00 per cent. 

Calculate the empirical formula. 

Ans. 2Bi8C30i8.9H20. 
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130. What is the empirical formula of a silicate of the following com 
position? ^ 

CaO == 24.72 per cent 
MgO = 11.93 per cent 
FeO = 10.39 per cent 
Si02 = 53.09 per cent 


100. 13 per cent. 

Ans. Ca(Mg, Fe)(Si03)2. 

131, A silicate gives the following analysis. If two-thirds of the water 
exists as water of crystallization what is the empirical formula? 

H2O = 17.22 per cent 
CaO = 8.22 per cent 
Na20 = 0.76 per cent 
AI2O3 = 16.25 per cent 
Si02 = 57.48 per cent 

99.93 per cent. 

Ans. H4(Ca, Na2)Al2(Si03)6.4H20. 

132. Calculate the empirical formula of a mineral which analyzes as 


follows: 


MnO = 
CaO = 
SiOa = 


46 . 36 per cent 
6.91 per cent 
46 . 83 per cent 


100. 10 per cent. 

Ans, (Mn, Ca)Si03. 

133 , The analysis of samples of microcline and of albite are given below. 
Show that these minerals are of the same type and give the general empirical 
formula. Assume the percentages of silica and alumina to be the most 
reliable. 

Microcline: 


Na20 = 

1.61 per cent 

K2O - 

13.56 per cent 

AI2O3 = 

19.60 per cent 

Si02 = 

64.79 per cent 


99 . 56 per cent. 

NaaO = 

11.11 per cent 

K2O = 

0.51 per cent 

CaO = 

0.38 per cent 

AI2O8 = 

19 . 29 per cent 

Si02 == 

68.81 per cent 


100 . 10 per cent. 


Albite: 
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134. Caiculatc the empirical formula of axiuite from the follow 
analysis: 

H 2 O = 1.58 per cent 

CaO “ 19.63 per cent 
FeO — 9.54 per cent 

MnO = 3.01 per cent 

AI 2 O 3 = 17.92 per cent 
B2O3 — 6.12 per cent 

Si02 == 42.23 per cent 


100 . 03 per cent. 

HCa2(Fe, Mn)Al2B (8104)4. 

135. A sample of the mineral biotite gave the following analysis 

H 2 O == 1.10 per cent 
FeO == 9.60 per cent 
AI2O3 = 22.35 per cent 
K 2 O 14.84 per cent 
MgO = 12.42 per cent 
Si02 = 39.66 per cent 


99.97 per cent. 

What is the empirical formula of the mineral? 
Ans, (H, K )2 (Mg, Fe )2 Al2Si80i2. 



PART II 

VOLUMETRIC ANALYSIS 

CHAPTER VI 



CALIBRATION OF MEASURING INSTRUMENTS 

22. Measuring Instruments in Volumetric Analysis —The 
principle of Volumetric Analysis differs from that of Gravimetric 
Analysis, in that instead of isolating and weighing a product of a 
reaction directly or indirectly involving the desired substance, the 
volume of a reagent required to bring about a direct or indirect 
reaction with that substance is measured. From the volume 
of the reagent and its concentration, the weight of the substance 
is calculated. 

Since Volumetric Analysis makes use of exact volume relation- 
ships, it is essential first to adopt a definite standard for a unit 
volume, and then to calibrate all measuring instruments to con- 
form to this standard. The measuring instruments most often 
used are burettes, pipettes, and measuring flasks, and the 
experimental methods of calibrating them may be found in any 
standard text-book on Quantitative Analysis. (Ref. Treadwell- 
Hall: Analytical Chemistry,^’ Fifth Edition, FoL 2, pp. 522- 
530.) 

23. Calculation of the True Liter. — ^A liter is the volume 
occupied by one kilogram of water at the temperature of its 
maximum density (approximately 4®C.). A cubic centimeter is 
the volume occupied by a cube one centimeter on a side and is 
almost exactly one one-thousandth of a liter. In calibrating 
a vessel, since the cubical content of the vessel holding the water 
to be weighed varies with the temperature, it is evident that the 
temperature of the container must be included in the specifica- 
tions. Instead of taking the corresponding temperature of 
4°C., the temperature of 15°G. has been almost universally 
accepted as the normal temperature. The Bureau of Standards, 
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^ so marked that at 

f - I o^PS’City will equal the volume of water which 

at 4 G. weighs one kilogram in vacuo. Experimentally this could 
not be carried out, but if the density of water at different tempera- 
tures (Table V, Appendix), the coefficient of cubical expansion 
of glass (0.000026), a,nd the relationship existing between the 
weight of a. substance in air and the weight in vacuo (Sect. 8) are 
known, it is not difficult to calculate the amount of water to be 
weighed into a container in order that it shall occupy a true hter 
at any given temperature. 

_ Example I.~How much water at 25°C. should be weighed 
m air with brass weights so that when placed in a flask at the 
same temperature and under normal barometric pressure it will 
occupy one true liter at 15°C.? 

Density of water at 25°C. = 0.99707 (Table V.) 

At 4°C. and in vacuo, 1000 grams of water, by itself, will 
occupy 1 true liter. 

At 25°C. and in vacuo, 1000 X 0.99707 grams of water will 

occupy 1 true liter. 

_ At 25°C. and in air, the weight of water is found by substituting 
in the formula: . ® 

= 1T + Ff- 


s ~ solving for W (see Sect. 8). 

w{l 4 - _ 0 . 0012 \ 

V ^0.99707 8“:0~A 

(assuming normal barometric pressure) 


Whence, 


Woofter-ln-Initg 
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expanded, the cubical content is greater, and the true liter volume, 
is also greater. The coeflS^cient of cubical expansion of glass is 
0.000026, and the increase in volume from 15°C. to 25°C. is 
1000 X 0.000026(25 15), = 0.26 c.c. This volume is rep- 

resented by 0.26 X 0.99707, = 0.26 gram of water. Therequired 
weight of water is therefore: 

996.04 -h 0.26 = 996.30 grams. Ans. 

A general formula may now be written for calculating the 
weight of water required for a true liter: 

F = + [1000 XdXcit- 15)], 

^ t d Qf 

in which W = grams of water required for 1 true liter, 
t = temperature of water and flask, 
d = density of water at t degrees, 
a = weight of 1 c.c. of air under given conditions, 
s' = specific gravity of balance weights, 
c = coefficient of cubical expansion of the container 

(The values of these last three terms are usually 0.0012, 8.0, and « 

0.000026 respectively.) 

24. Calculation of the Mohr Liter. — To avoid the tedious 
computation involved in the use of the true liter, a simpler 
standard is often used for ordinary analytical work. This makes 
use of the so-called Mohr liter. The Mohr liter is the volume of 
a kilogram of water at 15®C., as weighed in air with brass weights, 
and under standard barometric conditions. Other temperatures 
are sometimes used for this standard, notably IS.S'^C., 17.5^0., 
and 20®C., and, in volumetric work, it is important that instru- 
ments used in conjunction with each other should be calibrated 
according to the same standard. Unless otherwise specified, the 
normal temperature of 15°C. is understood to be taken for both 
the water and container. 

If a flask is to be calibrated to contain a Mohr liter, and water 
at a temperature different from the standard chosen is used, the 
method of calculation is similar to, although simpler than, that 
explained in the preceding section. 

Example I. — How much water at 25®C. must be weighed into 
a flask in .order to occupy a Mohr liter at 15®C.? 
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Density of water at 15®C. = 0.99913 (Table V). 

Density of water at 25°C. == 0.99707. 

Grams of water at 25^C. to occupy the same volume as 1 kilo- 


gram of water at 15®C. 


1000 X 


997.96. 


0.99913 

Increase in cubical content of flask from 15°C. to 25°C. 

== 1000 X 0.000026(25 — 15) (see preceding section) 

== 0.26 C.C., corresponding to 0.26 X 0.99704, = 0.26 gram of 
water. 

Total weight of water required = 997.96 + 0.26, == 998.22 
grams. Ans, 

A general formula for calculating the weight of water required 
for a Mohr liter is therefore: 


W. 


= (lOOO X ^) + [1000 Xdx c{t - t„)] 


in which, Wm = grams of water required for 1 Mohr liter, 
t = temperature of water and flask, 
d = density of water at t degrees, 
trr, = standard Mohr temperature used, 
dm == density of water at 
c = coeflicient of cubical expansion of container. 

These two examples show that the correction for the expansion 
or contraction of the container is in each case small compared to 
the quantity to which it is added. Consequently, only an 
approximate value containing two or three significant figures 
need be used. Indeed, in the case of instruments of 50 c.c.- 
content or less, and for small differences in temperature, the 
correction may ordinarily be neglected. The formula for calcu- 
lating the Mohr liter then becomes simply: 

d 


Wm = 1000 X 


Problems 


d'lr. 


136. Calculate accurately the amount of water which should be weighed 
into a fared flask at 18°C. and 770 mm. pressure against brass weights in 
order that the flask may be marked to contain exactly 250 true cubic 
centimeters. 

Ans, 249.41 grams. 
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137. Calculate accurately tlxe number of grams of water wliiclt sbou Id l )cv 
weighed into a flask at 20°C. against brass weights in order that the flask 
shall contain a Mohr liter (15°C.). 

A 71 S. 999.23 grams. 

138. What is the difference between the number of grams of water to be 
weighed at 17°C. into a 500 c.c. flask against brass weights to calibrate the 
flask according to the Mohr standard at 20°C. and the number of grams of 
water to be weighed at the same temperature and normal barometric 
pressure to mark the flask to contain 500 true cubic centimeters ? 

Ans. 1.33 grams. 

139. A flask which has been marked to contain one true liter is filled with 
water at 15°C. to the mark and the temperature of the water is allowed to 
rise to 2^“C. How many millimeters above the mark does the water now 
stand (inner diameter of the neck of the flask =15.0 millimeters)? 

Ans, 10.2 mm. 

140. In calibrating a flask to contain 500 c.c. according to the Mohr 
standard at 17.5°C., if the water is weighed at 22®C. against brass w^eigbts, 
w^hat percentage error would be introduced if in calculating the necessary 
weight of w’^ater the expansion of the glass were neglected ? What weight of 
water should be taken? 

Ans, 0.0115 per cent. 

499.60 grams. 

141. In calibrating a 50 c.c. pipette according to the Mohr standard at 
16°C., at how high a temperature may the water be used without causing 
an error greater than 0.2 per cent due to neglecting both the expansion of 
the glass and of the water? 

Ans. 25°C. 

flask is accurately marked to contain one true liter. If the inner 
diameter of the neck of the flask is 16.0 mm., how" far above or below the 
true liter mark should a mark be placed to represent the Mohr liter at 15®C.? 
If 996.00 grams of water were weighed in air against brass W' eights at 20°C. 
and 750 mm. barometric pressure and placed in the flask at this temperature, 
how far above or below the true liter mark would the meniscus of the water 
■ , lie? ' ■ ■ ■ ■ , . 

Am, 9.4 mm. above. 

6 . 6 mm. below. 

. 1 ;; 143. Potassium chloride to the amount of 12.5280 grams is placed in a 

flask which has been marked to contain a true liter. The salt is dissolved in 
water, the volume is made up to the mark, and the solution is made homo- 
geneous by thorough mixing. The temperature of the solution is 
If an aliquot portion is removed by means of a pipette which has been marked 
to contain 250 c.c. according to the Mohr standard at 15°C., how many 
grams of potassium chloride would be obtained by evaporating this portion 
to dryness? 

Am, 3. 1380 grams. 
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25. Standard Solutions. — Volumetric Analysis requires the 
use of solutions containing a known weight of solute in a definite 
volume of solution; that is, it involves solutions of known concen- 
tration. Such are called standard solutions, and the term is 
applied only to cases where the concentration is known to a 
precision in keeping with the other numerical data involved. 
For the purpose of simplifying calculations from volumetric data 
it is of importance to make use of some method of expressing 
concentration which shall be both systematic and convenient. 

26. Unit Weight per Unit Volume.— Of the various methods 
of expressing concentration, possibly the simplest to understand, 
although the most cumbersome to use, is based upon the number 
of unit weights of substance contained in a unit volume of solution ; 
for example, the number of grams of solute contained in a liter of 
solution. This method complicates even the simplest volumetric 
calculations, since solutions of the same concentration bear no 
simple relation to each other as far as volumes involved in 
chemical reactions are concerned. Chemical substances which 
enter into reaction do so upon a molecule to molecule basis and 
not upon a gram to gram basis. Thus, suppose a solution of 
hydrochloric acid contains 5 grams of HCl per liter, and a solution 
of sodium hydroxide contains 5 grams of NaOH per liter. To 
calculate the volume of the acid required to neutralize a given 
volume of the base would involve the use of the ratio of the mole- 
cular weights of the two compounds in the way explained and 
illustrated in Sect. 15. In volumetric determinations involving 
more complicated reactions and especially requiring the use of 
several standard solutions, the computations by this method 
would be very tedious. 

27. Percentage Composition, — The concentration of a solution 
is sometimes expressed according to its percentage (by weight) 
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composition. A 1 per cent solution of sodium chloride, for 
example, contains 1 gram of the salt in 100 grams of solution, or 
10 grams of the salt per kilogram of solution. This is not 10 
grams per tor of solution, although it is approximately so. 

This method of expressing concentration is often used because 
of its comparative simplicity to the layman, but for accurate 
volumetric analyses this method is even more cumbersome than ‘ 

the one mentioned in the preceding section and offers no 
advantages. 

28. Moial Concentration. — ^A mole or gram-molecular weight i 

of an element or compound is the molecular weight of the sub- j ^ 

stance expressed in grams. Thus, 58.46 grams of sodium chloride || 

(NaCl), 40.01 grams of sodium hydroxide (NaOH), and 126.06 
grams of oxalic acid (H2C2O4.2H2O) constitute a mole in each 
case. 

A moial solution is one containing a mole of substance dis- 
solved in a liter of solution, A gram-molecular weight of sub- 
stance dissolved in a liter of water does not constitute a moial 
solution, for the resulting solution never occupies exactly a liter. 

In certain computations involving ionic dissociation, a moial 
solution is occasionally taken as a mole of solute in lOOO c.c. of 
water, but this standard is never used in general analytical work. 

A liter of moial sulphuric acid solution contains 08.08 grams of 
H2SO4; a liter of half-molal sulphuric acid solution contains 49.04 
grams of H2SO4. It must be emphasized in this particular case 
that 98.08 grams of H2SO4 does not mean 98.08 grams of the 
ordinary concentrated sulphuric^ acid, but of hydrogen sulphate. 

The concentrated acid contains about 96 per cent of the latter. 

Since one mole of hydrochloric acid reacts with one mole of 
sodium hydroxide, a certain volume of sodium hydroxide solu- 
tion will be exactly neutralized by an equal volume of hydro- 
chloric acid of the same moial concentration, or twice the volume 
of hydrochloric acid of one-half the moial concentration of the 
sodium hydroxide. One molecule of hydrogen sulphate will 
neutralize two molecules of sodium hydroxide : 

H2SO4 + 2NaOH Na2S04 + H2O. 

To neutralize a certain volume of sodium hydroxide solution, 
only one-half that volume of sulphuric acid of the same moial 
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concentration would be required. Volumetric calculations are 
therefore greatly simplified when concentrations are expressed 
in terms of moles of substance per unit volume of solution, for 
when so expressed, the volumes of reacting solutions of the same 
molal concentration, although not necessarily equal, bear simple 
relations to each other. When the reacting solutions are of 
different molal concentrations the volume of one solution required 
to react with a given volume of the other solution may be found 
by a simple ratio. 

Example I. — What volume of 0.6380 molal potassium hydrox- 
ide solution will neutralize 430.0 c.c. of 0.4000 molal sulphuric 
acid? 

One mole of H2SO4 will neutralize two moles of KOH. There- 
fore 430.0 c.c. of 0.4000 molal sulphuric acid will neutralize 860.0 
c.c. of 0.4000 molal potassium hydroxide solution. Since the 
potassium hydroxide has a greater concentration than 0.4000 
molal, a volume of it less than 860.0 c.c. will be neutralized, the 

exact volume being 860.0 X = 539.3 c.c. Ans. 

29. Normal Concentration. — The method of expressing con- 
centration which is most convenient, and in the end simplest to 
use in volumetric calculations is based upon the number of equiva-^ 
lents of solute, in a unit volume of solution. 

The equivalent weight of an element or compound is that weight 
of it which will involve in reaction one atomic weight of 
hydrogen, or that weight of any other element or radical which in 
turn will involve in reaction one atomic weight of hydrogen. 
This definition holds in all cases but is applied differently to 
acidimetric reactions than to oxidation and reduction processes 
or to precipitation methods. The application of equivalent 
weights to these types of' chemical reaction will be taken up 
individually under their respective headings. It may be said 
in passing that (1) in acidimetry and alkalimetry the equivalent 
weight of a substance is the atomic or molecular weight of that 
substance divided by the number of hydrogen atoms directly 
involved in the neutralization process of that atom or molecule; 
(2) the equivalent weight of a substance which is oxidized or 
reduced is expressed by dividing the atomic or molecular weight 
of the substance by the change in valence which that atom or 
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molecule undergoes in the reaction in question; (3) the equivaJent 
weight of a substance involved in a precipitation process is found 
by dividing its atomic or molecular weight by the actual valence 
of the reacting constituent. 

The milliequivalent weight is one one-thousandth the value 
of the equivalent weight. 

The gram-equivalent weight is the equivalent weight expressed 
in grams. 

A normal solution of an element or compound is one containing 
one gram-equivalent weight of the substance in one liter of 
solution (not of solvent). A normal solution therefore contains 
one gram-milliequivalent weight per cubic centimeter of solution. 

A two normal solution is one containing in a unit volume twice 
the weight of solute contained in its normal solution. For the 
sake of brevity in writing, such concentration is often written 
2N. 

A half normal solution is one containing in a unit volume one- 
half the weight of solute contained in its normal solution, and 
this concentration would be expressed as 0.5 N, N or N/2. 
The concentration of a normal solution is expressed simply as N. 

Since the concentrations of solutions used in volumetric 
analyses are usually found experimentally, it is not often that 
the concentrations can be expressed by whole numbers. Thej^ 
are more likely to be expressed as decimal fractions, for example, 
0.1372 N or 0.05063 N. The normal value of a solution is there- 
fore the relation of its concentration to the normal concentra- 
tion. The word normality is often used to mean the same as 
normal value and is so used in this book. 

30. Divisions of Volumetric Analysis. — It is customary to 
divide the reactions of Volumetric Analysis into three groups, 
namely, 

(а) Acidimetry and Alkalimetry, 

(б) Oxidation and Reduction Methods, 

(c) Saturation or Precipitation Methods, 

and so far as calculations involving concentrations of standard 
solutions are concerned, it will be less confusing to take up each 
group separately, even though the fundamental principles 
involved are exactly the same. 


CHAPTER VIII 


ACIDIMETRY AND ALKALIMETRY ■ 

31. Equivalent Weights Applied to Acidimetry and Alkalim- 
; etry.— The fundamental reaction of Acidimetry and Alkalim- 

f e try is as follows: 

f H+ + OH- H2O, 

I' that is, the neutralization of an acid by a base, or the neutraliza- 

I tion of a base by an acid. Standard solutions are required and 

; calculations of analyses necessarily involve their concentrations. 

I The definitions given in the preceding chapter are very easily 

I applied to the solutions of this group, but a few simple illustra- 

i I tions will be of value. 

When hydrochloric acid reacts as an acid, the gram-molecular 
weight (36.46 grams) of hydrogen chloride furnishes for the 
neutralization of any base, one gram-atom (1.008 grams) of 
reacting hydrogen. According to the definition, the value 
36.46 grams constitutes the gram-equivalent weight of hydrogen 
chloride, and a liter of solution containing this amount is a 
normal solution of the acid. In this case, the normal solution 
and the molal solution are identical. On the other hand, the 
amount of hydrogen sulphate required to furnish in reaction one 
gram-atomic weight of hydrogen is only one-half the gram- 
PI SO 

molecular weight, or — = 49.04 grams, and a normal solu- 
tion of sulphuric acid would contain 49.04 grams of hydrogen 
sulphate per liter of solution. A molal solution of sulphuric acid 
is therefore 2 normal, and contains 2 gram-equivalent weights 
per liter, or 2 gram-milliequivalent weights per cubic centimeter. 

Acetic acid, HC2H3O2, contains four hydrogen atom^s in its 
molecule, but when the compound acts as an acid, only one of 
these hydrogens is involved in active reaction; thus. 




HC2H3O2 + NaOH NaCsHsOs + H2O. 
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Consequently, — -i' — 60,04 grams of acetic acid, consti- 
tutes the gram-equivalent weight, and the normal solution con- 
tains this weight of acid in a liter, or 0.06004 grams of acetic acid 
per cubic centimeter. 

In regard to the bases, sodium hydroxide will serve as a simple 
illustration. This compound is neutralized as follows: 


NaOH + H+ HsO + 


for example; 


NaOH + HCl H 2 O + NaCl 


NaOH 


j or 40.01 grams of sodium hydroxide constitutes one gram- 

equivalent weight of the alkali, not because the molecule eon-- 
tains one atom of hydrogen, but because it involves in reaction 
one atom of hydrogen, as shown in the above equations. There- 
fore 40.01 grams of sodium hydroxide in a liter of solution repre- 
sents the normal solution. When calcium oxide is used as a 
base, each gram-molecule reacts with two gram-atoms of hydro- 


or -g— , = 28.04 grams of calcium oxide are needed to involve in 

reaction one gram-atom of hydrogen. Therefore, 28.04 grams 
of calcium oxide constitute the gram-equivalent weight in this 
case, although calcium oxide in itself contains no hydrogen 
whatever. 

Problems 


144. What is the equivalent weight of potassium hydroxide ns a !)ase? 

^■..rAm, ' 50.11. ■ • ■ . .. 

145. What is the equivalent weight of KHSO4 as an acid? 

Ans, 136.2. 

146. WTat is the milliequivaient weight in grams of each of the following 
acids and bases assuming complete neutralization in each case: («) NaoCOs; 
( 6 ) K 2 O; (c) NH 4 OH; (d) HBr; {e) H 2 SO 3 ? 

Ans. (a) 0.05300. 

(h) 0.04710. 

(c) 0.03505. 

(d) 0.08093. 

(e) 0.04104. 
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147. What is the equivalent weight of the following acids and bases 
assuming complete neutralization in each ease: {a) NaOs; (6) (NH 4 )^. 0 ; 
(c) Ba(OH)2; (d) NHs; (e) SO 2 ? 

Ans. (a) 54.01. 

(6) 26.05. 

(c) 85.70. 
id) 17.03. 

(e) 32.03. 

148* What is the gram-milliequivalent weight of K2CO3 in the reaction 
K2CO3 + HCl KHCO3 4 - KCl? What is the gram-equivalent weight of 
H3PO4 in the reaction H3PO4 + 2 NaOH Na 2 HP 04 + 2 H 2 O? 

Ans. (a) 0.1382. 
ih) 49.03. 

149. How many grams of KOH are required to make (a) a liter of moial 
solution; ih) a liter of normal solution; (c) 400 c.c. of half-normal solution? 

Ans. (a) 56. 11 grams. 
ih) 56.11 grams. 

(c) 11.22 grams. 

150. What is the normality of a nitric acid solution which is three moial? 
How many grams of HNOs are contained in 27.5 c.c. of 0.1070 N nitric acid? 

Ans. 3N; 0.1854 gram. 

161, What weight of CaO is necessary to pi-epare (a) 500 c c. of a JAoo 
moial solution of Ca(OH) 2 ; (5) 30.63 c.c. of N/lOO Ca(OH) 2 ? 

Ans. (a) 0.2804 gram; (b) 0.008588 gram. 

162, What is the normality of a sulphurous acid solution containing 6.32 
grams of SO 2 per liter? Of an ammonium hydroxide solution containing 
17,50 grams of NH 3 in 480 c.c. of solution? 

Ans. 0.197 N. 2.14 N. 

163. A solution of hydrochloric acid has a specific gravity of 1.200 and 
contains 39.11 per cent HCl by weight. Calculate (a) the moial concentra- 
tion of the solution; (6) the normality of the solution; (c) the number of 
gram-equivalent weights of HCl in every 750 c.c. of solution. 

Ans. ia) 12.87 moial; (5) 12.87 N; (c) 9.65. 

164. A solution of sulphuric acid contains 0.1721 gram-equivalent weights 
of H 2 SO 4 in a liter. What is the normal value of the solution? What is its 
moial value? 

Ans. 0.1721 N; 0.08605 moial. 

166. How much water must be added to 760 c.c. of a one-fourth moial 
barium hydroxide solution in order to prepare a tenth-normal solution? 
How many grams of Ba(0H)2.8H20 must be dissolved and diluted to 400 c.c. 
to prepare a N/ 12 solution? How many moles per liter, and how many 
gram-equivalent weights per liter does this last solution contain? 

Ans. 3040 c.c. 

5.26 grams. 

0.04167 moles. 

0.08333 gram-equivalent weights. 

166. How many c.c. of nitric acid (sp. gr. 1.42, containing 69.80 per cent 
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HNOa by weight) must be taken so that by dilution with water, 800 e.c. 
of N/2 acid may be prepared? 

Ans, 25.4 c.c. 


' 327 Ratio of Reacting Solutions. — -Since a gram-eqiiivaleiit 
weight of any acid is capable of furnishing exactly one gram-atom 
(1.008 grams) of active hydrogen, and since a gram-equivalent 
weight of any base is capable of reading with exactly one gram- 
atom of hydrogen, it follows that (1) an equivalent weight of any 
acid must exactly neutralize an equivalent weight of any base; 
and (2) one liter of normal solution of any acid must exactly neu- : 

tralize one liter of a normal solution of any base. More generally, ^ 

a volume of any acid solution will be neutralized by an equal j 

volume of any alkali solution of the same normal concentration. ; 

If the reacting solutions of acid and base are of different con- ; ^ 

centrations, the relative volumes required for neutralization will 
be inversely proportional to the respective normalities. Thus, , 

50 c.c. of 4 normal acid will require 100 c.c. of 2 normal base for 
neutralization, for since the base is one-half as concentrated, ; - 

twice the volume will be required. | i 

Problems , . || \ 

157, How many cubic centimeters of normal sodium hydroxide solution ^ ] 

are required to neutralize 5 c.c. of (a) N HCl, (6) N/2 HCl; (c) N/ 5 H 2 SO 4 ; ^ : 

id) N/5 HCl? 

Ans. (a) 5 c.c.; (h) 2.5 c.c.; (c) 1 c.c.; {d) 1 c.c. - ij 

168. A solution of HCl contains 0. 1243 equivalents of HCl per liter. How !; 

many c.c. of normal KOH solution are necessary to neutralize 10.00 c.c, of ; ; 

'the acid? ■ . . ' ■ . : i 

Ans, 1.243 c.c. ■ J 

169. A solution of H 2 SO 4 is 0.1372 normal. How many c.c, of 0J421 ^ ' 

normal KOH solution are required to neutralize 13.72 c.c. of the acid? 

Ans. 13.24 c.c. * 

160. Convert 42.95 c.c, of 0.1372 normal hydrochloric acid to the oquiva- ; ;; 

lent volume of normal solution. 

Ans. 5.892 c.c. ' j 

161. Subtract 34.37 c.c. of 0.1972 HCl from 42.00 c.c. of N/5 H(J1 by con- ; 

verting both values to the equivalent volumes of normal acid, Express the :■ 

answer in terms of (a) c.c. of N HCl; (6) number of milliequivalerits of , 

HCl; (c) number of cubic centimeters of N/2 NaOH. 

Ans, (a) 1.622 c.c.; (6) 1.622; (c) 3.244 c.c. i,, 

162. To neutralize 10.00 c.c. of dilute acetic acid 13.12 c.c. of 0.1078 N j 


KOH were required. What was the normality of the acid? 
Ans. 0,1415 N. 
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163. A solution containing 31.21 c.c. of N /lO HCl is added to a solution 
containing 98.53 c.c. of 0.5 N H2SO4 and 50.00 c.c. of 1.002 N KOH are added. 

Is the resxilting solution acid or alkaline? How many c.c. of N/3 acid or 
alkali will make it exactly neutral? 

Ans.' Acid; 6.85 c.c. of alkali. 

164. Fifty c.c. of 1.087 normal HCl are added to 28.00 c.c. of a solution 

of a solid substance having an alkaline reaction. The alkali is more than f 

neutralized. Ten cubic centimeters of 0.1021 N alkali were necessary to 
make the solution exactly neutral. How many milliequivalents of base 
per c.c. did the original solution of solid substance contain, and what was 
its normality as an alkali? , 

Ans, 1.904; 1.904 N. ;i 

33 . Adjusting Solutions to a Desired Normality— A solution 
with a given normality is often found to be too concentrated or 
too dilute for the purpose for which it is to be used. In order to 
decrease its concentration, water is usually added; and in order 
to increase its concentration, a solution is added which contains 
the solute in greater concentration than the one given. The t 

amounts required in each case may be determined by simple 
calculation. 

Example I. — How much water must be added to 750.0 c.c. of a , 

2.400 normal solution in order to make it 1.760 normal? * 

If the solution is 2.400 normal, it must contain 2.400 gram- 

equivalent weights of solute per liter, or 2.400 X = 1.800 

gram-equivalent weights in 750 c.c. In order to be 1.760 
normal, there must be 1.760 gram-equivalent weights of solute 
per liter, and therefore 1.800 gram-equivalent weights must be f 

, . 1.800 

present in X 1000, = 1023 c.c. of solution. The 750 


c.c. must be diluted to 1023 c.c., or 1023 — 750, = 273 c.c. 
of water must be added. Ans. 

With a given weight of solute, the normality of the solution 
will vary inversely with the solution volume. Hence, the same 

answer may be directly obtained from the simple ratio: 3- = 

in which F i, Ni, V 2 , and Nz denote respectively the volume and 
normality of the undiluted and of the diluted solutions. Thus, 


; I JL . t XJKf - ' 1 xr '''''' ' 

F 2 2 400' F 2 = 1023, and the water added is equal 

to 1023 - 750, or 273 c.c. Ans. 
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■ Exampm IL— How .much, 6 normal . base must be added, to 
750.0 c.c. of a 2 normal base in order that the resulting solution 
shall be exactly 3 normal? 

750 0 

The 2 normal base must contain 2 X = 1.500 gram- 

equivalent weights of substance. Assume that x c.c. of 6 
normal base are added. The total volume is 750.0 + x c.c., 
and since each cubic centimeter of 6 N base contains 0.006 
gram-equivalents, the total number of gram-equivalent weights 
is 1.500 + 0.006.r. Each cubic centimeter of the mixture. 

therefore contains gram-equivalent weights, and 

since the concentration of the resulting solution is given as 3 
normal, this expression must equal 0.003, thus, 

1.500 + 0.006X 


750.0 + a: 


= 0.003. 


Solving, 


X = 250.0 c.c. Ans. 


Problems 

165. One cubic centimeter of a solution of sodium carbonate contains 
exactly 0.0109 grams of pure Na2C08. To what volume must 100 c.c. of 
the solution be diluted to make it exactly N/lOO? 

Ans, 2056 c.c. 

166. A solution of sulphuric acid is standardised gravimetrically and it is 
found that 25.00 c.c. will precipitate 0.3059 gram of BaS 04 . To what 
volume must a liter of the acid be diluted in order to be exactly N/10? 

Ans. 1047 c.c. 

167. A solution of sodium hydroxide is found on analysis to be 0.5374 
normal and a liter of it is available. How many c.c. of normal NaOH 
solution must be added in order to make the resulting solution 0.6000 normal? 

iins, 156.5 c.c. 

168. What volumes of 3 N and 6 N hydrochloric acid must l)e mixed to 
make a liter of 5 N acid? 

Ans, 666.7 c.c. 6 N. 

■'■.■.■■:,333.3 c.c. 3N. ■ ' ' 

169. What volume of 0.2063 N KOH must be added to 150.0 c.c. of 
0.1320 N KOH in order that the resulting solution shall have the same basic 
strength as a solution which contains 15.60 grams of Ba(OH )2 per liter? 

Ans. 288.6 c.c. 

34. Normality of a Solution Made by Mixing Similar Con- 
stituents, — When several similar constituents are mixed and 
dissolved in water, the normality of the resulting solution is 
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determined calculating the total number of equivalent weiglits 
present in a liter of solution, or by taking the siiiii of tlie nor- 
malities as figured for the individual solutions. 

Example I. — If 3.00 grams of solid KOH and 5.00 grams of 
solid NaOH are mixed, dissolved in water, and the solution made 
up to 1500 C.C., what is the normality of the solution as a base? 

The number of equivalent weights of KOH in 1500 c.c. is 
3.00 3.00 ^ 3.00 _ 1000 


In one liter there are 


56.11 ^ 1500' 


0.0356 


KOH’ 56.ir 

equivalent weights of KOH. In a liter of the solution there are 

also X = 0.0833 equivalent weights of NaOH. A 

total of 0.0356 + 0.0833, — 0.1189 equivalent weights of base 
in a liter makes the normality of the solution as a base 0.1189 
N. A ns. 

Or, since the solution contains grams of KOH per liter, 
its normality with respect to KOH is -5- 56.11, = 0.0356 N, 


and with respect to NaOH is 


5.00 


The 


j ^ 40.01, = 0.0833 N 

sum of these values, 0.1189, represents the normality of the solu- 
tion as a base. Ans. 

Problems 

170. In preparing an alkaline solution for use in volumetric work, an 
analyst because of shortage of chemicals dissolved exactly 48.17 grams of 
pure KOH and 36.21 grams of pure NaOH in water and diluted to 1200 c.c. 
What was the normality of the resulting solution as a base? 

Am. 1.469 N. 

171. What is the normality of an alkali solution made by dissolving 6.73 
grams of NaOH (99.5 per cent NaOH, 0.5 per cent H2O) and 9.42 grams of 
pure Ba(0H)2.8H20 in water and diluting to 850 c.c.? 

Ans. 0.2672 N. 

172, Fifty cubic centimeter of sulphuric acid (sp. gr. 1.42, containing 52.15 
per cent of H2SO4 by weight) and 50 c.c. of sulphuric acid (sp. gr. 1.84, 
containing 95.60 per cent H2SO4 by weight) are mixed and diluted to 1500 c.c. 
What is the normal value of the solution as an acid? 

Ans. 1.699 N. 

173, If 50.00 c.c. of a solution containing 5 grams of NaOH are added to 
50.00 c.c, of a solution containing 5 grams of KOH, what is the normality of 
the mixture before and after dilution to 116.3 c.c.? 

Am .. ' '2. 141 N. ' 

1.841 N. 
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iT4. If a sample of NaOH contains 2 per cent by weight of 
and 6 per cent by weight of and 40.00 grams are dissolved and diluted 
to a liter, what is the normality of the resulting solution as a base? Assume 
complete neutralization. 

Ans, , 0.9351 N. 

ITS. Fifty grams of a solid dibasic acid (molecular weight = 126) are 
mixed with 25 grams of a solid monobasic acid (molecular weight = 122). 
The mixture is dissolved and diluted to 2500 c.c. What is the normality 
of the solution as an acid? 

A71S. 0.3995 N. 

ITS. What is the normality as an acid of a solution made by mixing the 
following components? Assume no change in volume due to chemical 
effects. 

(a) 160 c.c. of 0.3050 N HCL 

(5) 300 c.c. of half-molal H2SO4. 

(c) 140 c.c. containing 1,621 grams of HCl. 

(d) 200 c.c. containing 1.010 grams of H2SO4. 

A 71 S. 0,3298 N. 

35. Determination of the Normality of a Solution from Its 
Quantitative Preparation. — A solution may be standardized 

the normal value may be determined) in a variety of ways. 
In a few specific cases it is possible to prepare a standard solu- 
tion by accurately weighing out the solute, dissolving, and 
diluting to a definite volume. This method is applicable only to 
solutions of such substances as can be weighed out accurately 
and the composition and purity of which are definitely known. 

In some cases it is possible to determine the normality of a 
given solution by gravimetric methods; that is, by taking a defi- 
nite volume of solution and precipitating the principal consttuent 
in the form of a w^eighable compound of known composiition. 
From the weight of this compound, the weight of the solute in the 
volume of solution taken is calculated. This gives a direct 
measure of the normality. For example, if a certain volume of 
hydrochloric acid is treated with an excess of silver nitrate, the 
weight of the precipitated silver chloride is a measure of the 
weight of hydrogen chloride in a liter of the acid. Since a 
liter of normal hydrochloric acid contains 36.47 grams of HCI, 
the normal value of the solution is found by direct proportion. 

36. Determination of the Normality of a Solution by Titration 
against a Solution of Known Concentration. — A solution is 
often standardized by determining what volume of it will 






NaOH 


gram of pure potassium carbonate, or = 0.04001 gram 

of pure sodium hydroxide. If 1 c.c. of an acid solution were 
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exactly react with a definite volume of another solution the nor- 
mality of which is already known. The normalities of the two 
solutions will then be in inverse ratio to the respective volumes 
used. Thus, 50 c.c. of any half-normal acid will exactly neu- 
tralize 50 c.c. of any half-normal base, since the solutions con- 
tain the same number of equivalent weights of reacting material, 
and an equivalent weight of any acid must just neutralize an equi- 
valent weight of any base. More generally, any volume of any 
acid of any normality will just neutralize the mme volume of any 
base of the same normality, and vice versa. On the other hand, 
if the acid has twice the normal value of the base, it follows that 
only half the volume would be required to effect exact neutraliza- 
tion since the acid contains half the necessary equivalents. To 
neutralize 50 c.c. of 0.5 N alkali solution would require 25 c.c. of 
N acid, or 500 c.c. of 0.05 N acid, regardless of the chemical com- 
position of the acid or alkali used. The chemical compositions of 
the reacting substances are taken into account in preparing their 
standard solutions. In general, w^hen any two solutions react, 

F2 Ni 

where Fi, F 2 , and iVi, iV' 2 , represent the respective volumes and 
normalities of the two solutions. 

37. Determination of the Normality of a Solution by Titration 
against a Substance of Known Purity. — A solution is most often 
standardized by determining the exact volume of it required to 
react with a known weight of substance of known puidty (usually, 
but not necessarily, 100 per cent pure). A liter of a normal solu- 
tion of an acid, for example, contains one gram-equivalent 
weight of that acid and therefore must just neutralize a gram- 
equivalent weight of any base, or one cubic centimeter (a more 
convenient unit for ordinary experimental work) of the acid will 
neutralize one gram-milliequivalent weight of any base. One 

cubic centimeter of normal acid will just neutralize 


0.05303 gram of pure sodium carbonate. 


K2CO3 
^ 2,000 ^ 


2,000 ^ 
0.06913 
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found to neutralize 0.1061 gram {i.e., two gram-milliequivalents) 
of pure sodium carbonate, the normality of the acid would be two. 
If 1 c.c. of an acid solution were found to neutralize 0.02001 
gram (one-half gram-milhequivalent) of pure sodium hydroxide, 
the normality of the acid would be one-half. The same reasoning 
holds true for the standardization of alkali solutions against 
acids, and indeed, as will be seen later, for the standardization of 
solutions of oxidizing, reducing, and precipitating agents. In 
calculating the normal value of a solution standardized in this 
way, it is only necessary to compare the weight in grams of pure 
standardizing agent which one cubic centimeter of the solution 
will neutralize with the gram-milliequivalent weight of the stand- 
ardizing agent (f.e. the weight that ■ one cubic centimeter of 
normal solution will neutralize) in order to determine the normal 
value by direct proportion. 

Example I. — A sample of pure oxalic acid (H2C2O4.2H2O) 
weighs 0.2000 gram, and requires exactly 30.12 c.c. of potassium 
hydroxide solution for complete neutralization. What is the 
normality of the KOH solution? 

If 30.12 c.c. of KOH o 0.2000 gram of H2C2O4.2H2O, 

1 c.c. of KOH = 0.006640 gram of H2C2O4.2HSO. 


The milliequivalent weight of the oxalic acid is 
H2C2O4.2H2O ^ Ai>OAO 

— ^00—’ = 

(The hydrogen of the water of crystallization does not enter into 
active reaction.) 

One c.c. of a normal solution of an alkali will just react with 

this weight in grams of hydrated oxalic acid, but since 1 c.c. of 

the KOH solution actually neutralizes only 0.006640 gram of the 

•1 .X XT 0.006640 . 

acid, its normality must be q“q 03 q^> = 0.1053. Ans. 


0.1053. 


Problems 


1T7. A hydrochloric acid solution is of such strength that 45.62 c.c. are 
exactly equivalent to 1.600 grams of pure Na 2 C 03 . Calculate (a) the 
number of gram-equivalents of NaaCOa neutralized by one liter of the acid; 
(5) the number of gram-milliequivalents of Na 2 C 03 neutralized by 1 c.c. 
of the acid; (c) the normal value of the acid. 

Ans, (a) 0.6616; (6) 0.6016; (c) 0.6616 N. 
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rniilLir dUute sulphuric acid was standardized gravi- 

metr cally by adding an excess of BaCl„ filtering, igniting, and weighiS the 

resulting precipitate. The weight was found to be 0.2762 gram. Calculate 
the normality of the acid. a u. v..aicuiate 

.Ans. 0.2366 N. 

179. The normality of a sulphuric acid solution is 0.5278. D 38 61 c c 
of the acid are equivalent to 31.27 c.c. of a solution of NaOH, calculate the 
npa ity of the NaOH. If 38.61 c.c. of the acid are equivalent to 31 27 c c 
of a solution of Ba(OH)2, what is the normality of the BafOH),’ 

Ans. 0.6516 N; 0,6516 N. 

180. Calculate the normality of solution of hydrochloric acid and sodium 

hydroxide from the following data: ^nu soaium 

1 c.c. of HCl =3= 0.9492 c.c. of NaOH 
39.81 c.c. of HCl =c= 0.6293 gram of AgCI. 

Ans. HCl =0.1105N. 

NaOH = 0. 1162 N. 

181. A sample of pure CaCO, weighs 1.0000 gram and requires 40 10 c c 
of a soMion of HCl for neutralization, ^at is the normal value of the 
acid. What volume of sulphuric acid of the same normality would be 

CaCOs? What volume of KOH solution of 

S:32 c c “of tSid^ 

Ans. 0,4985 N; 40.10 c.c. ; 45.26 c.c. 

carbonate (99.20 per cent pure Na^COa) 
weighing 1 0500 grams are added 48.24 c.c. of a solution of acid which is in 
excess of the amount required for complete neutralization. The resulting 
solution is brought back to the neutral point with exactly 1.31 c.c. of sodium 
ydroxide solution of which 1.00 c.c. is equivalent to 1.01 c.c. of the acid 
Calculate the normality of the acid. 

Ans. 0.4189 N. 

If of ^ solid acid (equiva- 

hftTr r ^ I’ofore it is realized 

mr! ? C O orf ? T" iof>-odticing 0.0050 gram of 

pure H2C20a.2H20 mto the solution, it is found that 0.58 c.c. of the alkali is 

"Tfs aomo N ^ normality of the alkali 

184. A solution of sulphuric acid is standardized against calcium carbon- 
ate containing 91.90 per cent CaCOa and no other basic material. The 
rofw fl.7242 gram was titrated by adding an excess of acid 

(29.97 c c.) and the excess was titrated with 10.27 c.c. of NaOH solution 

(1 C.C of the acid^ 1.024 c.c. of the NaOH). Calculate the normal value 
01 each solution. 

Ans. H2SO4 = 0.6664 N. 

NaOH = 0.6507 N. 


38. Calculation of Percentage Purity from Titration Values.— 

Just as the normal value of a solution can be found from the 
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volurue reqiured to react with a definite weight of substanei^ cjf 
known purity, the percentage purity of a substance can be 
determined from the volume of a solution of known normality 
required to react with a definite weight of the substance. For 
example, one cubic centimeter of normal alkali solution wall 
neutralize one inilliequivalent weight in grams of any acid. 
If an acid is titrated with normal alkali, and exactly iwo cubic 
centimeters of the latter are required, it follows that iwo gram- 
milliequivalent weights of the acid must be present. If two 
cubic centimeters of two normal alkali are required, then four 
gram-milliequivalent weights of the acid must be present. In 
other words, the number of cubic centimeters multiplied by the 
normal value of the solution will give the number of rnilliequiva- 
lents (in grams) of substance reacted upon. The number of 
gram-milliequivalents thus found multiplied by the niillequiva* 
lent weight of the substance reacted upon will give the number 
of grams of that substance. If the percentage is desired, it is 
only necessary to divide this weight by the weight of sample 
taken and multiply by 100. 

In general, therefore, if a substance x requires a certain number 
of c.c. of a solution s of normality N, and e is the milliequivalent 
weight of the substance, 


and 


cx,s X Ns X Ox - gramsx 


C.C.sXNsXSx 
wt, sample 


X 100 = per centx 


Note, — The formulae given above have been introduced to 
show^ general relationships, and not as mechanical devices 
wherein one '^can substitute values and get the right answer.” 
The beginner should attack each problem as a problem to be 
solved by logical reasoning from the definitions given. Only 
after the relationships are thoroughly understood, will volumetric 
calculations tend naturally to become more or less mechanical 
Example I. — A sample of soda ash (impure Na 2 C 03 ) is 
titrated with half-normal sulphuric acid. If the sample weighs 
1.100 grams, and requires 35.00 c.c. of the acid for complete 
neutralization, what is the percentage of Na 2 C 03 in the ash, 
assuming no other active component to be present? 

6 
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One c.c. of normal acid will neutralize one gram-milliequivalent 
weight of any base. Thirty-five c.c. of N/2 acid will neutralize 
35.00 X 0.5, = 17.5 gram-milliequivalent weights of any base. 

Since the milliequivalent weight of Na^COs is - 

" 2000 ^ 

0.5301, 35.00 c.c. of the N/2 sulphuric acid will react with 
35.00 X 0.5 X 0.05301, = 0.9276 gram of Na2C03. 

As this weight is contained in a sample weighing 1.100 grams 
the percentage of NaaCOg in the sample is ’ 

0.9276 

LlW ^ ~ 84.33 per cent. Ans. 

It is important to remember that the normality of a solution 
merely expresses the ratio of its concentration to that of a solu- 
tion containing one gram-equivalent weight of solute per liter 
(f.e. a normal solution). Consequently, if the normality of a 
solution is known, the value of a definite volume of it in terms 
of other elements, compounds, or radicals can be found directly, 
even though the solution may not be capable of reacting directly 
with these elements, compounds, or radicals. Thus, the weight 
of hydrogen chloride in 10 c.c. of N/10 hydrochloric acid is 

10 X 0.1 X = 0.03647 gram. 

The weight of silver chloride precipitated by adding an excess of 
silver nitrate to 10 c.c. of N/10 hydrochloric acid is 

10 X 0.1 X j"q^, = 0.1433 gram. 

The weight of silver sulphate equivalent to the silver in the 
silver chloride precipitated by adding an excess of silver nitrate 
to 10 c.c. of N/10 hydrochloric acid is 

Ag2S04 nT-O 

“2^000 ’ 0.1559 gram. 

The weight of barium in the barium sulphate obtained by adding 
an excess of barium chloride to the silver sulphate above is 

13b 

10 X 0.1 X 2 QQQ ) = 0.06869 gi'am. 

In other words, as in the case of gravimetric computations, it is 


10 X 0.1 X 
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not necessary to calculate the weights of the intermediate prod- 
ucts of a reaction. From the miUiequivalent weight of the 
substance required, the weight of that substance may be deter- 
mined directly. 

Example II. — Given the same conditions as in Example I, 
what would be the percentage of CO 2 in the soda ash? 

35 X 0.5, = 17.5 gram-milliequivalents of CO 2 . 

17.5 X = 0.3850 gram of CO 2 . 

^ 100 = 35.00 per cent CO 2 . Ans. 


Example III. — A 0.3-gram sample of impure magnesium 
oxide is titrated with hydrochloric acid solution of which 3 c.c. 
= 0 = 0.04503 gram CaCOs. The end-point is over-stepped on the 
addition of 48.00 c,c. of the acid, and the solution becomes 
neutral upon the addition of 2.40 c.c. of 0.4 N sodium hydroxide. 
What is the percentage of MgO in the sample? 

1 c.c. =0.01501 gram of CaCOj. 

Normality of HCl = = 0.3000. 

2000 

2.40 c.c. of 0.4 N NaOH=2.40 X =3.20 c.c. of 0.3 N HCl 

Net c.c. of HCl used= 48.00 - 3.20 = 44.80 c.c. 

44.80 X 0.3000 = c.c. of N HCl = number of gram-milli- 
equivalent weights of MgO 

44.80 X 0.3000 X = grams of MgO. 

44.80 X 0.3000 X 

Q gQQQ - — - X 100 = 90.33 per cent MgO. Am. 

or, 

48.00 X 0.3 = 14.40 milliequivalents of HCl. 

2.40 X 0.4 = 0.96 milliequivalents of NaOH. 
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Problems 


185. Calculate the percentage of carbon dioxide in a sample of calcium 
carbonate from the following data. Total volume of N /2 HCl == 35.00 c.c. ; 
total volume of N/10 NaOH = 17.50 c.c.; weight of sample = 1.000 gram. 

Ans, 34.61 per cent. 

186. Given the following data, calculate the percentage purity of a sample 
of cream of tartar (KHC 4 H 4 O 6 ): 

Weight of sample = 2.527 grams; NaOH solution used = 25.87 c.c.; 
H 2 SO 4 solution used = 1.27 c.c.; 1 c.c. of H 2 SO 4 = 1.12 c.c. of NaOH; 
1 c.c. of H 2 SO 4 0.02940 gram CaCOs. 

Ans. 95.45 per cent. 

187. Calculate the percentage of K 2 CO 3 in a sample of pearl-ash from the 
following data : 

Weight of sample — 2.020 grams; HCl used = 49.27 c.c.; NaOH used = 
2.17 c.c.; 1 c.c. HC1:?> 0.02926 gram CaCOs; NaOH = 0.3172 N. 

Ans. 96. 18 per cent. 

188. A sample is known to be either pure KOH, pure NaOH, or a mixture 
of 50 per cent KOH and 50 per cent NaOH. A one-gram sample is titrated 
with 0.5000 normal HCl and 50 c.c. are used. What is the composition of 
the substance? 

Ans. Pure NaOH. 

189. Given four 10 c.c. portions of 0.1000 normal hydrochloric acid 
solution, (a) How many grams of pure sodium carbonate will be neutralized 
by one portion? (b) How many grams of K 2 O are contained in that weight 
of potassium hydroxide neutralized by a portion of the acid? (c) A sample 
of calcium carbonate is decomposed by a portion of the acid. Calculate 
the weight of CaCOs decomposed, the weight of CO 2 liberated, and the 
weight of CaCU formed, (d) Calculate the weight of KHC 2 O 4 .H 2 C 2 O 4 .- 
2 H 2 O equivalent in acid strength to a portion of the HCL 

Ans. (a) 0.05300 gram. 

(h) 0.04710 gram. 

(c) 0 . 05004 gram. 

0.02200 gram. 

0.05550 gram. 

(d) 0.08473 gram. 

190. Strong KOH will liberate NHs from ammonium salts. The liberated 
ammonia can be distilled and determined by absorbing it in standard acid 
and titrating the excess acid with standard alkali. From the following 
data calculate the percentage of NHs in a sample of impure ammonium salt. 

Sample = 1.009 grams. 

Standai'd acid used = 50.00 c.c. of 0.5127 N. 

Standard alkali required = 1.37 c.c. of 0,5272 N. 

Ans. 42.06 per cent. 

191. Rochelle salt is KNaC4H406.4H20 and on ignition is converted to 
KNaCOs. The original sample of 0.9546 gram is ignited and the product 
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iit.rated witH sulphuric acid. From' the data given, calculate the- purity., 
of the sample: 

H 2 SO 4 used ~41.72c.c. 

10.27 c.c. H2SO4 -10.35 c.c. NaOH 
NaOH = 0.1297N. 

NaOH used in titrating excess acid = 1.91 c.c. 

Ans. 76.95 per cent. 

192. A sample of zinc oxide is digested with 50.00 c.c. of normal sulphuric 
acid. The excess acid is titrated with 2.96 c.c. of 0.1372 normal alkali. 
The weight of sample is 2.020 grams. Calculate the percentage purity of 
the, sample. 

A71S, 99.89 per cent. 

39. Problems in Which the Volume of Titrating Solution 
Bears a Given Relation to the Percentage of Constituent Pres- 
ent. — In commercial laboratories where many similar titrations 
are made each day, it is often convenient to simplify computa- 
tion by taking each time for analysis a weight of sample such 
that the volume of standard solution used will bear some simple 
relation to the percentage of desired constituent. The advan- 
tages derived from such a procedure are the same as those 
discussed in Sect. 14, and the computations involved are similar 
in principle. In the volumetric problem it is also possible to fix 
the weight of sample and determine the normality of the titrating 
solution which must be used to fulfill a similar condition, 
although this type of problem is seldom met with in practice. 
It is far easier in practical work to vary a sample weight than it is 
to vary a solution concentration. In either case, however, 
the required weight of sample or normality of solution is best 
found by directly applying the formula previously derived, 
mamely, 

c.c. a X -iV g X Cjc vy. t 

— ^ — qOQ ssz per mnix, 

wL sample 

In this type of problem, it will always be found that of the five 
variable factors involved, two wdll be known, and a ratio will be 
given between two others, thus making possible the determina- 
tion of the fifth factor. 

Example I. — What weight of soda ash should be taken for 
analysis such that the percentage of Na 20 present may be found 
by multiplying by 2 the number of cubic centimeters of N/5 
acid solution used in the titration? 



and in the problem given, Na and are known. A relation also 
exists between the c.c. and the per cent whereby, 


Substituting, 


c.c. X 2 = per cent. 


1 Na20 
^ ^ ^ 2,0(W 
wt. sample 


X 100 = C.C., X 2 


1 62.00 

5 — 2^ ^ jQQ ^ 2. 

wt. sample 

Wt. sample = 0.3100 gram. Ans. 

The same precautions should be taken in solving this type of 
problem as were emphasized in the examples in Sect. 14, namely, 
that a numerical difference exists between a statement such as 
^^the number of cubic centimeters is three times the per cent,” 
and the statement 'Hhe per cent is found by multiplying the 
number of cubic centimeters by three.” Thus, in the above 
example, the weight of soda ash so that each cubic centimeter 
of N /b acid shall equal one-half a per cent of Na20 is found as 
follows: 

1 

f i I IV I I II 1 

1 


1 X i X 0.03100 
o . 


X 100 = 


wt. sample 2 

Wt. sample == 1.240 grams. 


Problems 

193. A sample of oxalic acid is to be analyzed by titrating with a solution 
of NaOH which is 0.1 N. What weight of sample should be taken so that 
each cubic centimeter of NaOH will represent one-half of one per cent of 
H2C2O4.2H2O? 

Ans. 1.261 grams. 

194. In the analysis of oxalic acid using a one-gram sample, what must be 
the normality of the alkali used for titration so that the burette reading 
shall equal one-half the percentage of H 2 C 304 . 2 H 20 ? 

Ans. 0.3173 N. 
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In any volumetric titration, 


C.C.a X A* a X Ox 
Wt. sample 


X 100 = per centx 
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195. In tli(3 aiialysis of a saiiiplo of soda asli wliat wciglit of sjtnipjc? sliojild 
be taken so that the volume in cubic centimeters of 0.4205 normal acid 
required for complete neutralization and the percentage of NaoGOs in the 
sample shall be in the respective ratio of 8 to 17? 

. .dws. 1.049 grams. 

196. A sample of a certain acid weighed 0.8250 gram and was titrated with 
N/5 alkali. After calculating the purity of the sample in terms of the 
percentage of constituent A, it was found that the percentage obtained was 
just equal to the equivalent weight of A as an acid. What volume of 
titrating solution was used? 

Ans, 41.25 c.c. 

197. A sample of limestone is titrated for its value as a neutralizing agent. 
A one-grain sample is always taken. What must be the normality of the 
titrating acid so that every 10 c.c. shall represent 4>^ per cent of the 
neutralizing value expressed in terms of per cent CaO? 

Ans, 0.1605 N. 

198. Samples of pickling solution are to be analyzed volumetrically for 
acidity, and results are to be expressed in terms of cubic centimeters of 
H2SO4 (sp. gr. 1.84, containing 95.60 per cent H2SO4 by weight). The 
specific gravity of the pickling solution is 1.270 and a 25 c.c. pipetteful 
is taken for analysis, (a) What must be the normality of the standard 
alkali so that each cubic centimeter shall represent 0.1 c.c. of the H2SO4? 
(b) So that every 10 c.c. shall represent 1 per cent of pure H2SO4? 

Ans, (a) 3.588 N; (6) 0.6474 N. 

199. What weight of soda ash must be taken for analysis so that by using 
0.5 N HCl for titrating, (a) the burette reading shall equal the percentage of 
Na20; (6) three times the burette reading shall equal the percentage of 
Na20; [c) every three cubic centimeters shall represent 1 per cent NagO; 
(d) each cubic centimeter shall represent 3 per cent Na20; (e) the burette 
reading and the percentage of Na20 shall be in the respective ratio of 2 to 
3? ■■ 

(a) 1.550 grams. 

(5) 0.5167 gram. 

(c) 4.650 grams. 

(ri) 0.5167 gram. 

(e) 1 . 033 grams. 


40. Determination of Proportion in Which Components are 
Present in a Pure Mixture, — Indirect analyses in Volumetric 
Analysis are, in many cases, similar to those of Gravim.etric 
Analysis, and similar methods of computing results should readily 
suggest themselves. Problems involving the determination from 
titration values of the proportion in which components are 
present in a pure mixture are identical in principle to the so-called 
‘'double chloride’' problems of Gravimetric Analysis (see Sect. 
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l()j Examples I and II), and the same algebraic method of solu- 
tion may conveniently be used. The same type of analysis may 
be applied equally well to methods of oxidation and reduction. 

Example I. — Five-tenths of a gram of a mixture of cal- 
cium carbonate and barium carbonate require 30.00 c.c. of N/4 
hydrochloric acid solution for neutralization. What is the per- 
centage of each component? 

Let X = no. grams of CaCOs in the mixture, 

and y = no. grams of BaCOs. 

Then (1) x + y 0.6. 

Number of gram-milliequivalents of CaCOs present = 

X ^ 

CaCO/ ”■ 0.05004* 

2,000 

Number of gram-milliequivalents of BaCOs present = 

y _ y 

BaCOs’ “ 009869' 

2,000 

1 

Number of gram-milliequivalents of HCl used = 30 X 

Therefore ( 2 ) q + o.o9869 = ^ 4 - 

Solving equations (1) and (2) simultaneously, 

X == 0.2471 
y = 0.2529. 

0 2471 

Percentage of CaCOs = q 5(jQ Q ^ ~ 49.42 per cent. 

0 2529 

Percentage of BaCOa = “ 50.58 per cent. Ans. 

Problems 

200. A mixture consisting entirely of lithium carbonate and barium 
carbonate weighs one gram and requires 15 c.c. of N HCl for neutralization. 
Calculate the percentage of BaCOs in the sample. 

71.24 per cent. 

f iiolp A mixture of pure lithium carbonate and pure strontium carbonate 
Wg^hs 0.5280 gram and requires 19.82 c.c. of 0.5060 N acid for neutraliza- 
tion. What is the percentage of Li20 and SrO in the sample? 

Am. LizO = 16,3 per cent. 

SrO =41.8 per cent. 
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202. What weight of barium carbonate must be added to one gram of 
lithium carbonate so that the mixture will require the same volume of 
standard acid for neutralization as would the same weight of pure calcium 
carbonate? 

Ans. 0.716 gram. 

203. A half-gram sample of a mixture of pure CaCOs and pure BrCCX 
requires 30.00 c.c. of 0.2726 N sulphuric acid for neutralization, (a) What 
would be the loss in weight of the original sample on strong ignition? (h) 
Calculate the combined weight of CaS04 and SrS04 obtained above, (c) 
What is the weight of CaCO.j in the original sample? 

Alls, (a) 0.1799 gram; (5) 0.6473 gram; (c) 0.2176 gram. 

If 204. The combined weight of LiOH, KOH, and Ba(On)2 in a mixture is 
0.5000 gram and 25.44 c.c. of N/2 acid are required for neiif ralizai ion. I1ie 
same amount of material wdth COo gives a precipitate of Ba CO a winch when 
filtered is found to require 5.27 c.c. of the above acid for neutralizai ion. 
Calculate the weights of LiOII, KOH, and Ba(OH)2 in the original sample. 

Afis. LiOH == 0.2174 gram. 

KOH - 0.0567 gram. 

Ba(OH)2 - 0.2259 gram. 

41. Effect of the “ Sensitiveness*^ of an Indicator on an Acidi- 
metric Titration. — The indicators used in Volumetric Analysis 
are substances which serve to determine the exact point at which 
a reaction is completed. Those used in acidimetry and alkalim- 
etry are usually organic dyestuffs which are of one color in 
acid solution and of a distinctly different color in alkaline solu- 
tion. They are usually in themselves either weak acids or 
weak bases, and the change in color which they undergo can be 
attributed to the fact that the arrangement of the atoms in their 
molecules is somewhat different from the arrangement of the 
atoms in the molecules of their corresponding salts. With a 
given concentration of indicator, the color change takes place at ; 
a point where the hydrogen-ion or the hydroxide-ion concentra- 
tion in the solution has attained a definite value which is charac- 
teristic of the indicator in question. Thus, a solution containing 
about 0.001 per cent of phenolphthalein turns from colorless 
to pink when the hydroxide-ion concentration has attained the 
value of about 1 X 10'~^ moles per liter, and the corresponding 
hydrogen-ion concentration has therefore been reduced to about 
1 X 10-^ moles per liter (since in any solution at ordinary tem- 
peratures (H"^) (OH~) “ approx. 1 X Table VI in the 

Appendix gives the approximate hydrogen-ion and hydroxide-ion 
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eoncentrations at which dilute solutions of the common indicators 
change color. From these data it will be seen that of the indi- 
cators given, phenolphthalein is the most sensitive to acids, and 
methyl orange and congo red are the most sensitive to bases. 

Since in pure water at room temperature the concentration of 
the hydrogen ions and the concentration of the hydroxide ions 
are each approximately 1 X 10“’^ moles per liter; and since litmus 
is of an intermediate color at approximately this concentration, 
it might be concluded that litmus should be an ideal indicator for 
all titrations in acidimetry. It should be remembered that 
except in the titration of strong acids against strong bases 
forming unhydrolyzed salts, the exact completion of a neutraliza- 
tion titration is rarely in a strictly neutral solution. That is, 
when acid and alkali have been added in equivalent quantities, 
the resulting solution is frequently slightly acidic or slightly 
basic. Thus, when acetic acid is titrated with sodium hydroxide 
solution, sodium acetate and water are the products of the 
reaction: 

HC2H3O2 + NaOH NaCaHsOs + H2O. 

Sodium acetate, however, is somewhat hydrolyzed by water and 
tends to form a small amount of relatively un-ionized acetic 
acid, leaving an excess of hydroxide ions in the solution: 

NaCsHsOs + H 2 O Na+ + OH“ + HC 2 H 3 O 2 . 

In other words, the reaction is appreciably reversible, and when 
the acid and base have been added in equivalent amounts, the 
solution is slightly alkaline. Hence, other conditions being 
equal, the correct indicator for a given titration is one of which 
the color change takes place when the solution has that hydrogen- 
ion or hydroxide-ion concentration which exists in a solution 
obtained by dissolving in the same volume of water the salt 
formed by the neutralization. With strong acids against strong 
bases, the sensitiveness of the indicator is of little importance 
since a great change in the hydrogen-ion concentration of the so- 
lution is brought about by a very slight excess of titrating agent. 

From suitable ionization constants it is possible to calculate 
the exact hydrogen-ion and hydroxide-ion concentration of a 
solution formed by adding exactly equivalent quantities of a 
given acid and a given base. Hence, it is possible to determine 
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inatlieinatically which indicator is theoi’ctically best suited, for a 
given titration. Calculations of this sort are usually included 
in courses relating to Physical Chemistry and will not be dis- 
cussed here. The student is referred to Stieglitz — 'H^iualitative 
Analysis/! VoL I; Washburn— Trinciples of Physical Chem- 
istry;” and especially to Smith and Moore—^^ Calculations in 
Chemistry.” 

42. Relation of the Equivalent Weight of an Acid or Base to 
the Indicator Used. — The fact that indicators exhibit different 
degrees of ^^sensitiveness” toward the detection of the end- 
points of certain reactions must be considered in calculations 
involving equivalent weights of acids and bases. Neutraliza- 
tion of a polybasic acid or of a polyacidic base takes place in 
steps whereby the reacting elements are replaced one at a time. 
Table VII (Appendix) shows at which stage of certain neutraliza- 
tion reactions the three common indicators change color, and 
these must be definitely known before a calculation from titration 
values can be made. When, for example, phosphoric acid, 
HgP04j is gradually neutralized by a base, e,g., NaOH, with 
methyl orange as an indicator, the color change takes place 
when only one hydrogen has been replaced to form NaH2P04. 
With phenolphthalein as the indicator, the color change takes 
place when two hydrogens have been replaced. It follows 
therefore that the gram-equivalent weight of phosphoric acid is 


H3PO4 


98.06 grams when methyl orange is used for the indi- 


cator: it IS - ■ 


PI3PO4 


= 49.03 grams when phenolphthalein is used 


for the indicator; and it is 


H3PO4 


32.69 grams when the acid 


is completely neutralized, for in each case, that amount of acid 
involves in active reaction 1,008 grams of hydrogen. 

Similarly, when sodium carbonate is gradually neutralized by 
an acid, -with phenolphthalein as the indicator, the color change 
takes place in a cold solution when the carbonate has been con- 
verted ipto bicarbonate: 

Na2C03 + H+-~>NaHC03 + Na+. 

With methyl orange, the color change takes place when all the 
carbonate has been neutralized : 


!)2 
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'j 


14 

4}# ,4 


ill the first reaction, the equivalent weight of sodium carboiuiir^ is 

Na2CO's 

= 106 . 01 ; in the second reaction, the equivalent weight 


IS 


NaaCOa 


- 53 . 00 . 


43 . Calculation of Analyses Involving the Use of Two Indi- 
cators. — The fact that certain indicators change color at different 
stages of neutralization processes is sometimes made use of in 
volumetric work to determine the proportions of the components 
of certain mixtures by making use of two end points in a single 
titration. This may be brought about by using two indicators, 
and the volumes of titrating solution required for the respective 
end points give a direct measure of the amounts of substances 
present. Only the two common indicators, methyl orange and 
phenolphthalein will be considered. 

Assume a solution to contain only sodium hydroxide and inert 
impurities. The weight of NaOH present may be found by direct 
titration with a standard solution of any strong acid, and with 
either methyl orange or phenolphthalein as the indicator. In 
either case, the color change will take place only when the alkali 
is completely neutralized, and the volume of standard acid used 
in the titration is a direct measure of the weight of NaOH present. 
If a solution contains only sodium carbonate and inert impurities 
and it is titrated with standard acid using methyl orange as the 
indicator, the color change takes place only when the Na2C03 
has been completely neutralized, 

NasCOs + H+*-^NaHC03 + Na+ 

NaHCOs + H+-^Na+ + H2O + CO2. 

The volume of acid required is a measure of the total alkaline 
strength of the sample and of the actual weight of Na2C03 
present. In calculating, the equivalent weight of the Na2C03 
would be taken as one-half of the molecular weight. On the 
other hand, if phenolphthalein were used as the indicator and the 
titration were carried out in the cold, the color change from pink 
to colorless would occur when the carbonate had been changed to 
bicarbonate: 

Na2C03 + H+--^NaHC03 + Na+. 

The volume of standard acid required to titrate sodium carbon- 
ate to an end point with methyl orange as the indicator, is 
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twice that required if phenolphthalein were used as the indicator, 
since twice the number of hydrogen-ion equivalents are involved. 
The equivalent weight of the NagCOs is identical in the latter 

case to the whole molecular weight, —-^- , and the calculated 


j weight of Na2C03 present is the same in the two cases. It is 

important to note that if, with phenolphthalein as the indicator, 
an excess of standard acid is added to the carbonate solution and 
the carbon dioxide is expelled by boiling , the sodium carbonate 
I will be completely neutralized. Neutralization of the excess acid 

with standard alkali will give a net volume of acid which will be 
the same as that used with methyl orange as the indicator. 

If a solution contains sodium bicarbonate and inactive impuri- 
ties, the NaHCOs may be titrated wdth standard acid using 
methyl orange as the indicator or in boiling solution using 
j phenolphthalein, 

NaHCO^ + H+~^Na+ + H2O + CO2. 


The equivalent weight of the NaHCOs in either case is identical to 
the molecular weight. As stated above, a cold solution of pure 
sodium bicarbonate is inert to phenolphthalein and cannot be 
titrated when phenolphthalein is used as the indicator. 

There now remains the question of possible mixtures of the 
three alkalies just discussed. Altogether, we have the following 
theoretical possibilities: 

(a) NaOH 

(5) NaaCOs 

(c) NaHCOs ' 

(d) NaOH + NasCO, ^ 

(e) NasCOs + NaHCOs 
(/) NaOH + NaHCOs 

(g) NaOH + NajCO? + NaHCOs. 

Inert impurities may be present in each case. The last two 
mixtures, how^ever, cannot exist in solution, for sodium hydroxide 
and sodium bicarbonate interact mole for mole to form the nor- 
mal carbonate: 

NaOH + NaHC03-->Na2C03 + H2O. 

Strictly speaking, these last two mixtures can exist when in the 
perfectly dry form, although this condition would be difficult to 
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realize in practice. When treated with water the reaction 
takes place, forming the carbonate and leaving a possible excess 
of hydroxide or bicarbonate as the case may be. In solving 
problems involving these two dry mixtures, this reaction must 
be considered. 

The mixtures ordinarily encountered in practice are those of 
(d) and (c), namely, sodium hydroxide with sodium carbonate, and 
sodium carbonate with sodium bicarbonate. Making use of two 
end points, it is possible to determine the proportions of the 
components of either of these mixtures even when inactive 
impurities are present. 

Example I, Mixttjke op Hydroxide and Carbonate.— 
A l,200~gram sample of a mixture of sodium hydroxide and 
sodium carbonate containing inert impurities is dissolved 
and titrated cold with half-normal hydrochloric acid solution. 
With phenolphthalein as an indicator, the solution turns color- 
less after the addition of 30.00 c.c. of the acid. Methyl orange 
is then added, and 5.00 c.c. more of the acid are required 
before this indicator changes color. What is the percentage of 
NaOH and of Na2C03 in the sample? 

If the acid is added slowly, the stronger base (NaOH) is neu- 
tralized first, as follows: 

NaOH + HCl-^NaCl + H2O. 

After this reaction is complete, the carbonate is converted into 
bicarbonate: 

NasCOs + HCl-~>NaCl + NaHCOs. 

At this point, the phenolphthalein changes from pink to colorless, 
and a total of 30.00 c.c. of acid has been added. Then the 
bicarbonate formed is neutralized by 5.00 c.c. more of acid: 

NaHCOs + HCl--»NaCl + H2O + COo. 

Since each mole of Na2C03 reacts with one mole of HCl to give 
one mole of NaHCOs, and this, in turn, is neutralized by one 
mole of HCl, it follows that in this particular mixture the volume 
of acid required to convert the NaoCOs into NaHCOg is the same 
as the volume required to neutralize the NaHCOg, namely, 
5.00 c.c. 

Therefore, the volume of acid necessary to neutralize com- 
pletely the Na2C03 is 10.00 c.c. Since the total volume added 
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was 35.00 C.C., it is evident that 35.00 -- 10.00, == 2,5.00 c.e. were 
necessary to neutralize the NaOH. Hence, 

Percentage of NaOH = 

25.00 X 0.5000 X 

— - - , i’i^ X 100 = 41.68 per cent. 

JL # - * 

Ans. 

Percentage of Na 2 C 03 = ..r;. 


X 100 =41.68 per cent. 


10.00 X 0.5000 X 


X 100 = 22.08 percent. 


The volume relationships may be represented diagraniinatically 
as follows: 




'NaOH < 

i I 

! 

— Plienolphtlialeiii 

added 

35 c.c. 

30 c.c. 

25 c.c. 

+ 

Q 

■ 


i J NaCli 


[NaaCO, I 
•p 

5 c.c. W . 

Phciiolphthaleiii 

iNaHCOsI changes color. 

Methyl orange added. 
4" 

5 c.c. . ■ W 

i Q ■ , . 


Methyl orange cluinges 
color. 


Example II. — Mixtubb op Caebonatb and Bicaebonatk— A 
1.200-gram sample of an impure mixture of sodium carbonate 
and sodium bicarbonate containing only inert impurities is 
dissolved and titrated cold with half-normal hydrochloric acid 
solution. With phenolphthalein as an indicator, the solution 
turns colorless after the addition of 15.00 c.c. of the acid. Methyl 
orange is then added, and 22.00 c.c. more of the acid are required 
to change the color of this indicator. What is the percentage of 
NaaCOs and of NaHCOs in the sample? 
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When the acid is slowly added, the Na2C03 is converted into 
NaHCOs. At this point, the phenolphthalein changes color, 
and 15.00 c.c. of HCl have been added. Since, as in Example 
I, the same volume of HCl would be required to convert this 
NaHCOs formed from the Na2C03 into NaCl, HgO, and CO2 
as was used for the conversion of the NagCOg into NaHCOs, 
follows that 15100 + 15.00, = 30.00 c.c. of acid were required 
to neutralize completely the Na2C03 present in the sample. The 
total volume being 15.00 + 22.00, = 37.00 c.c., it is evident 
that 37.00 — 30.00, = 7.00 c.c. of HCl wer e required to neutralize 
the NaHCOs present in the original sample. Hence, 

Percentage of Na2G03 = Y 


30.00 X 0.5000 X 


NaoCO.^ 

“ 2,000 ~ 


1.200 

Percentage of NaHCOs = 

NaHCOs 


X 100 = 66.25 per cent. 


7.00 X 0.5000 X 


1,000 


1.200 


X 100 =•- 24.50 per cent* 




The volume relationships may be represented diagrammatically 
as follows: 


NasCOJ 


< Phenolphthalein added. 


15 c.c. 


+ 


o 


37 c.c. 


NaHCOs 


.Phenolphthalein changes color. 
Methyl orange added. 


15 c.c. 


22 c.c. 


NaCl 


NaHCO, 


7 c.c. 


NaCl 


Methyl orange 
changes color. 
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111 an analysis of the type discussed in' this section, it is 
not always true that the analyst is previously aware of the exact 
composition of the sample. He may not know whether the 
sample contains hydroxide, carbonate, bicarbonate, or possible 
combinations of these components; and a qualitative test is 
not always conclusive. By means of a simple titration, however, 
and the use of a double indicator or double end point, the com- 
position of the alkali can be determined as far as these negative 
radicals are concerned. 

A. The solution is titrated cold with phenolphthalein as the 
indicator. When the solution has just changed from pink to 
colorless (z.e. has become slightly acid), methyl orange is added 
and a pink color is obtained (acid reaction). The alkalinity 
of the solution is due to hydroxide- 

B. The solution is titrated cold with phenolphthalein as the 
indicator. When the pink color of the solution has just disap- 
peared, methyl orange is added and the solution turns yellow. 
A volume of acid exactly equal to the volume used for the phenol- 
phthalein end point is required to complete the titration iix. 
change to pink). The alkalinity of the solution is due to 
carbonate. 

C. The addition of phenolphthalem to the cold solution 
causes no color change, but when methyl orange is added, the 
solution turns yellow. The alkalinity of the solution is due to 
bicarbonate. 

D. The volume of acid required to titrate the cold solution 
with phenolphthalein as the indicator is greater than the addi- 
tional volume necessary to complete the titration with methyl 
orange as the indicator. The alkalinity is due to a mixture, of 
hydroxide and carbonate. 

E. The volume of acid required to titrate the cold solution 
with phenolphthalein as the indicator is less than the additional 
volume necessary to complete the titration with methyl orange 
as the indicator. The alkalinity is due to a mixture of carbonate 
and bicarbonate. 

‘ Problems 


205. A sample of sodium carbonate containing sodium hydroxide and only 
inert impurities weighs 1.197 grains. It is dissolved and titrated in the cold 
with phenolphthalein as an indicator. The solution turns colorless w-lien 
7 


.< i 
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48.16 e.c. of 0.2976 N HCl have been added. Methyl oranae is i i 
24 08 c.c. more of the acid are required for complete neutralization. Calejf 
late the percentages of NaOH and NasCOa in the sample 
A«s. NaOH = 23.95 per cent. 

/ Na2C03 = 63 . 46 per cent. 

' f I following data calculate the percentages of Na.CO 

and-NaHCOs m a mixture in which they are the only alkaline componS 
Sample = 1.272 grams. Volume of 0.24 N HCl required for phenKS 

and standard acid 

and boiling out the CO2, the net additional volume of the acid required 

for the phenolphthalein end point == 50.21 c.c. ^ 

Ans. Na2C03 =: 53 . 84 per cent. 

NaHCOs = 36.93 per cent. 

Na m'^NaHOO contains for its active components NaOH, 

Na^CO, NaHCO, or possible mixtures of these. Two 1-gram samples are 
dissolved m wmter. To one, phenolphthalein is added and the solution 
titrated cold with 1.038 N acid, requiring 17.96 c.c. The other sample is 
titiated cold with methyl orange as an indicator, and 21.17 c.c. of the same 
preach required. IVhat alkalies are present? Calculate the percentage 

Ans. NaOH = 61 . 28 per cent. 

Na2C03 = 35.31 per cent. 

^ the statement 

that they contained either NaOH, NaHCO, Na.CO,, or possible mixtures 
of these substances with mert material. From the data given, identify 
tte respective materials and calculate the percentage of each component 
One-gram samples and 0.2500 normal HCl were used in all cases 
Sample I.-Using phenolphthalein as an indicator, 24.32 c.c. were used 
A duplicate sample required 48.64 c.c. with methyl orange as an indicator. ' 
Sample II. The addition of phenolphthalein caused no color change. 
With methyl orange, 38.47 c.c. of the acid were required. 

Sample III.— 15.29 e.c. of the acid were necessary to cause a color change 
- m the cold with phenolphthalein, and an additional 33.19 c.c. were required 
for complete neutralization. t-qum-u 

Sample IV.— The sample was titrated with acid untU the pink of phenol- 
phthalein disappeared, and required 39.96 c.c. On adding an excass of the 
acid, boiling, and titrating back with alkali, it was found that the alkali 
was exactly equivalent to the excess acid added. 

Ans. I. 64.45 per cent Na^CXIa; II. 80.79 per cent NaHCOs- III 
Na^CO,; 37.60 per cent NaHCO,; IV. 39.97 per cent NaOH.' 
^08. h^quivalent weights of pure dry NaOH and pure dry NaHCOs were 
mixed. The resulting mixture weighed exactly one gram. This was 
o^oived m water. Calculate the number of cubic centimeters of 0.2513 N 
HU required to titrate the solution when cold, using phenolphthalein as an 

indicator. After methyl orange is added what volume of the acid would be 
required? 

Ans. 32.09 c.c.; 32.09 c.c* 


ACWIMETRY AND ALKALIMETRY 


99 


5 ' , 4 ’^ ' ■ 

i / ' 210. Pure dry NaOH and pure dry NaHGOg are mixed in the renpecdive 

proportion by weight of 2 to 1, and the mixture is dissolved in water. C'nhni- 
: late to three significant figures the ratio of the volume of staridani aei<l 

required with plienolphthalein as an indicator, to the additional vohinic re- 
I quired with methyl orange. 

Ans. 4.20. 

211. Pure dry NaOH and pure dry NaHCOg are mixed in the respective 
, proportion by weight of 1 to 2, and the mixture is dissolved in water. Cal- 
culate to three significant figures the ratio of the volume of sta-ndard, acfid: 

; required with phenolphthalein as an indicator, to the additional volume 

required with methyl orange. 

Ans. 1.05. 

; i ' 212. A mixture which, contains KOH and K2CO3 weighs a gra ms, iuid in t he 
cold solution with phenolphthalein, requires b c.c. of c norma! acid. Afic'r 
methyl orange is added, /] c.c, of the acid are required. Calculate the 
I percentage of KOH and of K2CO3. Reduce to simplest terms. 

5.611(6-d)c x t- r^/~x 13.82cd 

i , . Am. Per cent KOH — ; per cent K2CO3 = - 

I 213. Solve the above problem with respect to a mixture^ of Na'iCOg and 

I NaHCOg. Reduce to simplest terms. 

; , X M rvv 10.606c x rrrw 8.401 (d-6)c 

I Am. Per cent NaaCOs = — ; per cent iSaHCOg ~ * 

I 44. Double Indicator Problems Applied to Titrations with 

Mixed Alkali Solutions. — When sodium or potassium hydroxide 
: solutions are prepared as standard alkalies in volumetric work, 

: it is customary to dissolve the solid sticks of the caustic in w^ater 

and dilute the solution to the approximate volume required. 
Even when the so-called chemically pure^^ solids are used, it is 
highly probable that they have been exposed to the air sufficiently 
to unite with an appreciable amount of carbon dioxide and there- 
by have become contaminated with sodium carbonate or potas- 
sium carbonate as the case may be. Under these conditions, the 
titrating solution contains, for example, NaOH and and 

when used to titrate an acid, the volume required will depend 
upon the indicator used. -When methyl orange is used, the total 
alkaline strength of the solution is effective in neutralizing the 
; acid; with phenolphthalein, all the hydroxide and only one-lialf 

; the carbonate is utilized before the color change takes place. 

: This means that in titrating the same quantity of acid, a greater 

■ volume of the alkali solution would be required when phe- 

? nolphthalein is used than when methyl orange is used as the 

I indicator. In other words, the same principles discussed in 
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the preceding section are involved in this case, but in the opposite 
way. 

Example I. — An alkali solution is made up by dissolving in 
water solid sticks of NaOH which contain 3 per cent by weight 
of Na2C03. If 40.00 c.c. of this solution are required to neu- 
tralize a certain weight of strong acid with methyl orange as the 
indicator, what volume would be required for the same weight of 
acid if phenolphthalein were used? 

The alkali solution contains three parts by weight of Na2C03 to 

97 

every 97 parts by weight of NaOH. It therefore contains 


97 , 3 

== = 2.424 equivalent weights of NaOH to every 

2 ' 
3 

= gg = 0.05660 equivalent weights of Na2COa, considering 

97 

the latter to be completely neutralized. It contains — == 


2.424 equivalent weights of NaOH to = 

jNa2003 106.01 

0.02830 equivalent weights of Na2C03 if the latter is half Neutral- 
ized. The total number of equivalent Weights in the former case 
is 2.424 + 0.05660, = 2.481; the total number of equivalent 
weights in the latter case is 2.424 + 0.02830, ^ 2.452. To 
furnish the same number of equivalent weights, that is, to neutral- 
ize the same quantity of given acid, volumes of the solution 
in the respective ratio of 2.452 to 2.481 must be taken. In 
other words, in the problem given, if 40,00 c.c. of the alkali 
were used with methyl orange as the indicator (z.e., with the 
alkaline strength of the solution completely utilized), 40.00 X 
2 481 

= 40.48 c.c. would be required with phenolphthalein as 


the indicator. Ans. 

Example II. — What are the relative proportions by weight of 
KOH and K2CO3 in a solution containing only these alkalies, if 
31.00 c.c. of the solution are required to neutralize a certain 
volume of N /5 acid in the cold using phenolphthalein as an indi- 
cator, and 30.00 c.c. are required for the same volume of acid 



Problems 
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In principle this Jk the j-everse of the preceding example. I 
this case, the number of equivalent weights of reacting base in the 
two instances are in the ratio of 30.00 to 31.00. Assume the 
alkali solution to contain KOH and K 2 CO 3 in the respective 


ratio by weight of x to y. Then there are fY} 
lent weights of KOH, to £ 


MTi 


Ks'COa’ ^ 69:10 equiyalent weights of 


K 2 CO 3 when the latter is completely neutralized (methyl orange), 
or equivalent weights when the latter is half neutralized 

(phenolphthalein). Then 


X y 

Jl ^ moo 

^ X , ■ y ' .31.00 

56.11 ”69.l0 

Solving, -=11.77 

Therefore KOHrKaCOs = 11.77:1. Afis. 


214. A liter of an alkali solution is prepared from 38.00 grams of pure 
NaOH and 2.00 grams of pure Na 2 C 03 . What is the true normality of the 
solution if completely neutralized? If this solution were used in a titration 
in the cold with phenolphthalein as an indicator what normality should be 
taken for the alkali? 

■ Ans. 0.9874 N; 0.9686 N. , 

215. A solution made from KOH which it is known lias been exposed i o 
air, and therefore contains 1 x 200 , 1 , is titrated against standani sulphuric ackl 
(1 c.c. of the 112804 = 0 = 0.02335 gram of BaS 04 ). . In titrating, 
data were obtained : , 

50.00 c.cj. H 2 S 04 =o= 49 . 94 c.c, alkali (phenolphthalein, cold) 

50.00 c.c. H2804 =o:49.37 c.c, alkali (methyl orange) 

Calculate the normality of the alkali if completely neutralized. Calculate 
the number of grams of KOH and K 2 CO 3 per liter of solution. 

Ans. 0.2026 N; 11.08 grams KOH, 0.33 gram K 2 CO 3 . 

218. A sample of NaOH containing Na 2 COs and moisture is used to 
prepare a standard alkali. If 41.20 c.c. are required to neutralize 60.00 cx. 
of N/3 acid (cold) with phenolphthalein as the indicator, and 10.00 c.c. arc 
required to neutralize 15.00 c.c. of the acid with methyl orange as the 
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I 

a 

Ui 


iiuiicaior, (a) whai are (he proportioiia by \v(‘igb( of NuOll and in 

the alkali sohitioii; (h) how many grams of Na2CX,);{ are contained in. each 
cubic centimeter of the alkali; (c) what volume of the alkali would bo 
necessary to neutralise 0.2000 gram of H2C>>04'2H20if plienolphthalein werc^ 
used as an indicator and the alkali added slowly to the boiling hot solution? 

Ajis. = 12.1; (b) 0.00165 gram; (c) 6.35 c.o. 

21*7. A solution of NaOH contaminated with Na 2 C 03 is standardized 
against a strong acid .and with phenolphthalein in the cold is calculated 
to be 0.1267 N. With. methyl orange, the solution is found to be actually 
0.1272 N. Calculate the nu.mber of gram-equivalent weights of NaOH and 
of Na-iCO:? per liter of solution. 

Am. NaOH = 0.1262; NagCO., - 0.0010. 

jPotassium h^^droxide containing 2.20 per cent K2CO3 and 10,30 per 
cent H2O is purchased at 58ji per lb. . It is used in a certain process as a 
neutralizing agent for sulphuric acid, and the test for neutrality is made 
by adding phenolphthalein to the cold solution. Caleulate (a) tlie cost for 
the neutralization of a gram-equivalent of H2SO4; (b) the cost per gram- 
equivalent of H2SO4 if methyl orange had tfeen used as the indicator; 
(c) the neutralization cost per gram-equivalent of H2SO4 by the most 
economical method if solid NaOH containing 10 per cent Na2C08and 2 per 
cent H2O may be purchased for 42 per lb. 

Am*, (a) 8.119^. 

(5) 8.037ff. 

(c) 3. 876^1. 

45. Titration of Acid Mixtures. — No set rules can be for- 
mulated for calculating problems involving titrations of acid 
mixtures, because the procedures used depend upon the number 
and character of the components present. In general, the 
method of analysis allows the formulation of as many algebraic 
equations as there are unknown components in the mixture. 

For example, a mixture of the components TF, A", F, and Z of 
which W is a volatile acid (e.g. HCl, HNO 3 ), X is a non-volatile 
acid (e.g. H 2 SO 4 , H 3 PO 4 ), F is a volatile reducing acid (c.r/. 
SO-a, N20^), and Z is w^ater, may be analyzed in the following 
simple manner: (1) A weighed sample is titrated with a standaixi 
oxidizing agent and F is determined. (2) A weighed sample is 
evaporated on the water bath and the residue X is determined by 
titration with standard alkali. (3) A weighed sample is titrated 
directly with standard alkali. After X and F have been deter- 
mined, the volume of alkali solution required for X and F may be 
calculated. The volume of alkali used in direct titration minus 
the sum of the volumes used for X and F represents the volume 
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rec|}iinMl for If, from wliieh iho pereeiiia.ge of O'' jiiay 
lal ecL (4j The percentage of Z is found by difference. 

46. Special Cases of Acid Mixtures. Case A.~An important 
tit nil ion is that involved in the analysis of fuming sulplniric, acid 
(oleum). This substance may be considered to be a solution of 
sulphur trioxiiloj Stta, in hj^drogen sulphatCj H2SO45 and when no 
otJicr component is present, the anal.ysis is made by dissolving 
a weiglic‘d sample in water and titrating with standard alkali. 

I^lxAMPUE L— A sample of fuming sulphuric, acid weighing 
1.000 gram when dissolved in water requires 21.41 c.e. of N/1 
Na.OlI solution f(ir iieii trail station. What is the per(?entage of 
each component? 

Method /,— Hinc^e fuming sulphuric acid is a mixture of two pure 
(*omj)one!its, it is possible to solve the problem by a method 
similar to tliat described under the titration of a mixture of two 
pure bases (Sect. 40). , Let x equal the weight of SO3,, and^ the 
weight of 

X + ?/ = LOGO 


2,000 2,000 


= 21.41 X 1. 


Solving the simultaneous equations, 


X = 0.2217 gram. Per cent SO 3 = 22.17| , 
y = 0.7783 gram. Per cent H2SO4 = 77.83 p”® 


The disadvantage of this method lies in the fact that its preci- 
sion is relatively low, especially since the molecular weights of 
HOa and Il 2 S (.)4 are nearly alike. The following iru'thod is much 
to be preferred: 

Method IT . — In dissolving the oleum, the SO 3 unites with 
water to form 112804 : 


SO3 + H2O H2SO4, 

and the solution now contains only H2SO4 and H 2 O. 
SOa 


21.41 X 1 X 


2,000 


1.000 


X 100 = percentage of total SO 3 (combined 


and free) in the original mixture, = 85.70 per cent. 

Since the original mixture consisted of free SO3, combined SO3 
and combined H 2 O, 
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100.00 — 85.70 = percentage of combined HjO in <lie original 
mixture, = 14.30 per cent. 

Percentage of H2SOi in the mixture = 14.30 X 

— 77.83 per cent] 

Percentage of SOs = 100.00 — 77,83 = 22.17 per cent j 
Method III , method of solution is interesting because 
of its simplicity j but Method II is preferred because, of greater, 
precision. 

In dissolving the oleum, the SOj? unites with part of the water 
to form 112804 * If the total percentage of acid is computed in 
terms of H2SO4, the following result is obtained : 


21.41 X 1 X 

logo 


H2SO4 

^ ^000 


X 100 = 105.0 per cent. 


Since in the original mixture SO3 + H 2 SO 4 = 100,00 per cent, 
the difference of 5.0 per cent is caused by the water which has 
combined with the SO3. The SO3 and H 2 O combine mole for 
mole. 


5.0 X == percentage of SO3 

= 22.(2) per cent SO3 1 . 

100.0 - 22.2 = 77.(8) per cent H2SO4 / 

Case B. — Fuming sulphuric acid often contains small amounts 
of SO2 which with water forms H2SO3, and is included in the 
alkali titration: 


H2S03'+2Na0H -->Na 2 S 03 + 2 H 2 O. ' 

This is when phenolphthalein is used as the indicator. With 
methyl orange, the color change takes place at the bisulphite 
stage:.. 


H2SO3 + NaOH NaHS03 + H2O. 

In ease SO2 is present, its amount is usually determined in a 
separate sample by titration with a standard oxidizing agent, arid 
the other components are then computed from the alkali titra- 
tion values in the usual way, with a correction for the volume of 
alkali used by the SO2. 

Example I. — A sample of fuming sulphuric acid containing 
H2SO4, SO3, and SO2, weighs 1.000 gram and is found to 
require 23.47 c.c. of N/1 alkali for neutralization (phenolphthal- 
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eiii as indicator). , A separate sample- shows the presence of 
1.50 per ceB.t SOs. .Find the percentages of SO .3 and H2SO4. 

Voliinie of alkali used by SO 2 = - 


1 X 


SO.' 


2,000 

Volume of alkali used for H 2 SO 4 + SO .1 

23.47 -- 0.47 - 23.00 c.c. 
Percentage of ESOi + SO 3 = 100.00 ~ 1.50 
Follcnviiig I\I(‘thod II above: 

SO;? 


0.47 c.c. 


98.50 per cent. 


23.00 X .1 X , 


2,000 


i.OOO 


X 100 


9S..50 92,07 

O.lo A - 


92.07 per cent total SO.i 
6.43 per cent coml)i!icd H 2 O 


35.01 per cent H 2 SC )4 


98.50 — 35.01 = 63.49 per cent SO .3 


I 


Problems 

219. A sfunple of fuming sulphuric acid, containing no SO2 or other impur- 
ity, on titration is found to contain 108.5 per cent acid expressed in terms of 
112804. Calculate the percentage of free SO3 in the sample. 

4 m 37.80 per cent. 

220 . A sample of fuming sulphuric acid containing only SO3 and H2SO4 
is titrated, and the percentage of total SO3 (free and combined) is found to be 

84.00 per cent. What is the percentage of H2SO4 in the original sample? 
Ans, 87.08 per cent. 

221. A sample of fuming suljihuric acid containing only SO3 and H2SO4 
weighs ^1.4000 grams and requires 36.10 c.c. of 0.8050 normal NaOH for' 
neiitnilijsatlon. What is the percentage of each constituent in the 

... sample? 

4m OL 98 per cent IlaSO 4. 

8 . 02 |)c;r cjent 8O3. 

222. A solution of 8O3 in H2BO4 requires 65.10 c.c. of 0.9000 normal alkali 
for the titration of a sample wcsighing 2.6040 grams. W^hat is the proportion 
by weight of free SOs to H2SO4 in the sample? 

4nfe% 0.8497. 

223. A sample of fuming sulphuric acid consisting of a solution of SO® 
and BO2 in H2SO4 is found to contain 2.06 per 'cent SO2, A sample weighing 

1.000 grams recpiires 21.64 c.c. of 1.5 .N KOH when phenolphthalein is used 
as the indicator. What are the percentages of free SO3 and H2SO4 in the 

sample? ; 

Ans. 22, 38 per cent free SO3. 

75.f>6 per cent H2SO4. 


CHAPTER IX 



OXIDATION AND REDUCTION METHODS 


47. Fundamental Principles.— This phase of Volumetric 
Analysis has to do with the titration of an oxidizing agent with a 
standard solution of a reducing agent^ or the titration of a rediic- 
ing agent with a standard solution of an oxidizing agent. This 
type of determination embraces the greater part of Volumetric 
Analysis for the number of substances capable of oxidation or 
reduction is comparatively large. 

Oxidation is the increase in positive valence of an element or 
radical; reduction is the decrease in positive valence of an element 
or radical. Oxidation and reduction must evidently take place 
simultaneously, for in any reaction of this type the oxidizing 
agent is always reduced and the reducing agent is always oxidized, 
and to the same degree. The methods of expressing concentra- 
tion and the definitions given in Chap. VII hold true in every vray 
for solutions of oxidizing and reducing agents. Therefore, the 
relationships existing between these agents are exactly the same 
as those existing beWeen acids and bases. It is only necessary 
in the case of concentrations of solutions expressed in teniis of the 
normal value to consider the hydrogen equivalent from a slightly 
different point of view, 

48. Equivalent Weights of Oxidizing and Reducing Agents,— 
As in acidimetry and alkalimetry the concentration of a solution 
of an oxidizing or reducing agent is best expressed in terms of its 
relation to the normal solution, and the gram-atorn of hydro- 
gen is taken as the ultimate unit. Since the valence of hydro- 
gen can change only one, it follows that as many hydrogen 
equivalents will be required to reduce a given substance as tlie 
number of units by which that substance changes in valence. 

Consider the reduction of ferric chloride to ferrous chloride 
according to the hypothetical reaction: 

2FeCU + 2H--^2PeCl2 + 2HC1, 

or, F6+++ + + H+. 
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One gmm-atomic weight of hydrogen (or its equivalent in anv 
other reducing agent) is necessary to decrease the valence 
ol the iron m one mole of ferric chloride by one, or from “ferric’' 
to terrous ” Conversely, to oxidize one mole of ferrous chloihlc 
would involve the equivalent of one-half a gram-atomic weight, of 

oxygen which m turn is equivalent to one gram-atomic weight of 
hydrogen: » - 

FeCh + MO + HCI-^FeCh + MH«0 
or, Fe++ 4- 4. fj+__pg+++ _j_ 

1 he reduction of a mole of stannic chloride to stannous chloride 
(valence change = 2) involves two gram-atomic weights of 
hydrogen or their equivalent: 

SiiC’h 4- 2H~+SnCl2 -f 2HCI (hypothetieal), 

and to oxidize one mole of stannous chloride would involve the 
equiva eiit of one gram-atomic weight of oxygen (equivalent to 
two gram-atomic weights of hvdrnirpTil • 
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(,haX Uin (‘(juivaleot weights of ferric chloride aiid ferrous chloride 
■ ' . ' ' ■ . . FeChi 

ill oxidation and reduction reactions are — = 162.22, and 

FeGlg ' , . , . 

— , =- 126.76 respectively; and the equivalent weights of 

SiiCl 

stannic chloride and stannous chloride are = 130.3, and 

SnGl 

— 94.85 respective^. Similarly, the equivalent weight 

Fe 

of the iron in the ferrous chloride or ferric chloride is ~ ^ = 55.84; 


and 'the equivalent weight of the tin in the stannous chloride or 
Sn 

stannic chloride is == 59.35. 

In general, the equivalent weight of an oxidissiiig agent involved 
in a given reaction may be found by either of the following 
methods : 

A. By dividing the atomic or molecular weight of the element 
or compound by the total c/iange in valence which it undergoes in 
the reaction involved. 

B. By finding the amount of the substance which will be 
reduced to the same degree, either actually or hypothetically, 
by one atomic weight of hydrogen. 

The equivalent weight of a reducing agent may be found: 

A. By dividing the atomic or molecular weight of the element 
or compound by the total change in valence which it undergoes 
in the reaction involved. 

B. By finding the amount of the substance which will be oxi- 
dized to the same degree, either actually or hypothetically, by 
one-half an atomic \reight of oxygen (which is equivalent to 
one atomic weight of hydrogen). 

A table showing the changes in valence of many elements and 
radicals in reactions commonly encountered in volumetric analy- 
ses has been included in Sect. 6, and should be consulted at this 
point. A few specific cases are discussed in greater detail l>elow 
in order to emphasize the fundamental principles underlying 
calculations involved in this important field of analysis. 


Example L Potassium Pekmanganate. — When potassium 
permanganate or any permanganate reacts as an oxidizing agent 
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in acid soktion,^ the maiigaiieBe is reduced to the manganous 
state: 

2K.\Iii 04 + 10FeSO4 + SH2S04-> 

2MnS04 + 5Fe2(S04)ri + K 2 SO 4 + SH^O. 
Method -Since the manganese is reduced from a valence 
of +7 to a valence of +2, the equivalent weight of potassium 


. . . KMnOi 

periiiarigaiiate in this reaction is - 


31 . 61 . 


Method B—lf the same reduction is assumed to be brought 
a.l)out- l)y hydrogerq 

2K'M!iCj4 + I0H + 3H2S04-> 2MnS04 + K 2 SO 4 + SH 2 O, 

it is seen that the amount of potassium permanganate which will 

reacd with one a1«)niic weight of hydrogen is = 31.61. 

W’licm usim! in acid solution as an oxidizing agent, a liter of nornial 
potassium, permanganate solution ■ therefore contains SL61 
grams of tlie pure salt. 

When potassium permanganate is used as an oxidizing agent 
111 fieutral or alkaMne solution, the reduction goes only to form 
manganese dioxide : 

2KM11O4 + 3MnS04 + 2H2O 5Mn02 + 2KHSO4 + H2SO4. 
The change in valence of the manganese in this case being 3, the 

equivalent . weight is h = 52,66. This is also evident 

from the liypothetical equation: 

Mn04- + 3H MnQs + OH- + H 2 O. ' 

It is olivious that the normality of a permanganate solution 
which has been standardized in acid solution cannot enter into 
calculation where tlic permanganate is used in neutral or basic 
solution unless correction is made for the diflference in oxidizing 
power. In neutral or l^asic solution, permanganate is only 
fhree-fifihs as strong as when used in the presence of acid. 

Examplk IL Potassium Dichromate. — When a dichromate 
is reduc’ed in acid solution, the valence of the 
changed from six to three: 

K-iCraOT +' OFeCh + 14HC1 



It is evident that a solution of nitric acid which is normal as an 
acid is 3 normal as an oxidizing agent. 

When concentrated nitric acid acts as an oxidizing agent the 
nitrogen is frequently reduced only to nitrogen tetroxide (NO2) 
representing a change in valence of the nitrogen from five to 

four. In this case the equivalent weight is 03 . 01 . 

Example IV. Iodine. — This substance dissolved in potas- 
sium iodide solution is used in volumetric analyses as an oxidiz- 
ing agent. The iodine of the potassium iodide takes no active 
part ill the oxidation process since it is already present in its 


Example III. Nitric Acid —When nitric acid acts merely as 
a neutralizing agent, its equivalent weight and its molecular 
weight, 63 . 01 , are identical as has been explained under aeidim- 
etry. When used as an oxidizing agent, however, the nitric acid 
is usually reduced to nitric oxide and the valence of the nitrogen 
changed from five to two: 

^ ■ 3 Cu + 2HN03' + 6HNO3 3 Cu(N03)2 + 2NO + 4H2O, 

(oxidizing) 

or 3 Cu^ + 2NO3- + 8 H+ 3 Cu++ + 2 NO + 4H2O. 

Method A, — Since the valence change of the nitrogen is from 

+5 to -+- 2 , the equivalent weight is — ^ = 21 . 00 . 

Method B, — Since, 

HNO3 + 3 H NO + 2H2O, 

t ' JS • HNO3 

one hydrogen requires — ^ ? = 21.00. 


-Method A.— The valence of each chromium atom changes 
from. +6 to + 3 , but the molecule of potassium dichromate 
contains two chromium atoms. The total change in valence is 
therefore 6, and the equivalent weight of potassium dichromate 

. K2Cr207 AO 

IS — — ^ = 49 . 03 . 

6 

Method B, — A similar reaction with hydrogen gives: 

K2CT2O, + 6 H + 4H2SO4 Cr2(S04)3 + K2SO4 + 7H2O. 

49 . 03 . 

6 
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oxidation: and reduction 


I'll 


lowest valeiieej but the , dissolved ■ iodiue is reduced froiii. a 
valence of zero to a valence of minus one; for (3xam|;)Ie, 

2NaoSi:)3 + I2 Na2S406 + 2NaI, 
or, 2S20;r + I2 8406=^1+ 21"“ 

Method *4,— Each atom of iodine changes in valence by one 
iiiiitj but since there are two atoms to the molecule, the equiva- 
lent weight is = 126.92. 

, Afeikod lU—An equation with hydrogen gives: 

I 2 + 2H->2HI, 

and the iodine reacting with one hydrogen is = 126.92. A 

normal solution of iodine therefore contains 126.92 grams of the 
pure solid in a liter of solution. 

Example V. Iodate, Bromate, Chlorate. — These sub- 
stances (in the form of water-soluble salts) are used in volumetric 
analyses as oxidizing agents, and the halogen is usually reduced 
from a valence of +5 to a valence of —1; for example, 

KBrOs + OKI + 3H2SO4 3K2SO4 + KBr + Sh + 3H2O, 
or, BrOr + 61 “" + 6 H+ Br"" + SE + 3H2O, 


Method A . — Since the change in valence of the bromine in this 
ease is from + 5 to — 1, representing a change of six units, 

the equivalent weight of the potassium bromate is — h = 

27.84. 

Method 10 — A hypothetical equation with hydrogen gives: 
KBrOs + 6H KBr + Oli.O, 


I in which the equivalent w^eight is again — 27.84. 

In tlie corresponding cases, the equivalent weights of KIO 3 and 

KCIO3 are = 35.67, and == 20.43 respectively. 

In some reactions, other reduction products of the oxy-halogen 
> salts are obtained, and -other equivalent weights must be taken. 

Thus, potassium chlorate is sometimes reduced in solution to 
I chlorine dioxide (CIO 2 ) where the change in valence is from 

■■■ .. '■ ' ■ '' 

1 

I 

fiv: : - : ■ y: y : 






Sample VI. Sodium Thiosulph. 

used as a reducing agent usually i 

involving iodine. The reaction in this 

2Na2S203 I 2 ~ 
(thiosulphate) 

Method A . — Considering the 
from a purely mathematical 
+2 in the thiosulphate and +21-^ 
ing a change of < ’ - 

sulphate molecule t 
molecule changes by 
NasSaO.! 

■~r— ’ = 158.12. 


.ATE. This substance is 
m connection with titrations 
t-zj case is: 

• Na2S406 + 2NaI. 

(tetrathionate) 

valence change of the sulphur 
standpoint the valence is found to be 
, . w in the tetrathionate, renresenf- 

for each sulphur atom. Sin^e St 
--r contains two sulphur atoms, the valence of the 
one unit and the equivalent weight is 

element cannot have a 

ttetTthlfrtThtthart* ““ “ 

vaienccs of the sulphur Tw dffler 

^.um thiosulphate uray be written in tut 'fTt ! 


Na+--S~'^^* 

The valence of one sulphur atom is s 
valence of the other sulphur atom t( 

yalence m therefore +2. 

of sodium tetrathionate 
ically as follows: 


may be written 


OXIDATION AND reduction ll.-:; 

L n T? ’ T ^ ~^’ ^ 

Of U. i lie ayeraje valence is therefore 4-21.^. 

Method B. A hypothetical equation with oxygen, 

2 Na 2 S 203 + 0 + HaO -> Na2S406 + 2NaOH, 

shows that each molecule of sodium thiosulphate requires one- 
half of an atom of oygen, which in turn is equivalent to one 
. J ii of hydrogen. The equivalent weight of sodium thio- 

siilpliate. is — — — s= 158,12. 

■ Oxalic Acid. Oxalic acid is frequently used 

m analytical chemistry both as an acid and as a reducing agent, 
-b an acid, two replaceable hydrogens are available and the 
equivalent weight is one-half of the molecular weight. As a 

1 educing agent, oxalic acid is oxidized to carbon dioxide and water • 

lor example, ■ ' 

5H2C2O4 -f- 2 KMn 04 + 3H2SO4 

^ , K2SO4 + 2MnS04 + IOCO2 + 8H2O, 

5C2O4- -f 2Mn04- + 16 H+ -> 2 Mn++ IOCO2 + 8H2O. 

Method A.— From a mathematical point of view, the valence 
of each carbon atom changes from +Z to 4-4, or a change of-one. 
^ince the molecule contains two carbon atoms, its equivalent 

weight as a reducing agent is = 4,5.01 or — 

== 63 . 02 , depending on the fonn referred to. As in the case 
of sodium thiosulphate above, the two atoms in the molecule 
actually have different valences, for on dehydration, oxalic acid 
1 'leaks down into carbon monoxide and carbon dioxide: 

H2C2O4 H2O 4 - GO 4 CO2 

and the structural formula may be written: 


o—rc^-'o' 


H. 


8 


m 


QUANTITATIVE CHEMICAL ANALYSIB 



Method ,ii.~The same oxidation may be written iiypotliet- 
ically: 

' ' ^ ' H2C204 + 0--^2C02 + H2CV ■ 

■ O 

where the equivalent weight of oxalie acid is likewise 

= 45.01 or = 63.02. 

Example, ,Vin.. Acid Oxalates. — T he equivalent weight of 


45.01 or 


63.02. 


potassium acid oxalate, KHC 2 O 4 , as an acid is obviously 


KHC2O4 


= 128.12, there being one replaceable hydrogen. ^ As a reducing 
agent, the same considerations hold as in thc^ case of ^ oxalic acid 

T^-Op O 

.... j xi. ... .• i„....x 4 ^ . ...,5,, n-n-..:,., 


above, and the equivalent weight is 


weight in grams in a liter of solution constitutes a normal solii- 
tioB as a reducing agent, but the same solution is only half 
normal as an acid. Conversely, a solution of potassium hydrogen 
oxalate which is normal as an acid contains 128.12 grams of the 
salt per liter and is two normal as a reducing agent. 

Another oxalate which is used in volumetric work is potassium 
tetroxalate, KHC 2 O 4 .H 2 C 2 O 4 . 2 H 2 O. This salt has three replace- 
able hydrogens and two oxalate radicals, and for purposes 
of calculation may be considered as KHC 2 O 4 + H 2 C 2 O 4 . 2 H 2 O. 
Hence, from the above considerations, it is apparent that as an 
acid, the equivalent weight of potassium tetroxalate is one-third 
of its molecular weight or 84.72, and as a reducing agent, the 
equivalent weight is one-fourth of the molecular weight or 63.54. 
A solution of potassium tetroxalate which is normal as an acid is 
therefore % normal as a reducing agent; and a solution of potas- 
sium tetroxalate which is normal as a reducing agent is % normal 
as an acid. 

Example IX. Peroxides* — Hydrogen peroxide (H 2 O 2 ) can 
act both as an oxidizing agent and as a reducing agent. As an 
oxidizing agent, one oxygen (equivalent to two hydrogens) from 
each molecule is available for oxidation: 


HaOg-^HsO + O, 

and water is left as the reduction product; for example, 

2FeS04 + H 2 O 2 + H2S04"^Fe2(S04)a + 2 H 2 O. 
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Obviously, therefore, the equivalent weight of hydrogen peroxide 
as an oxidizing agent is = 17.008. 

As a reducing agent, one oxygen (equivalent to two hydro- 
gens) from each molecule is capable of uniting with an oxygen 
atom from the substance reduced, to form oxygen gas. Thus, 
2KMn04 -f- 5H2O2 "t* 3H2SO4 — » 

' . K2SO4 + 2 MnS04 + SH2O -f 5O2, 

or in general, 

HoOo -f 0 (from oxidizing agent) H2O 4- Oj. 

Hence, as a reducing agent hydrogen peroxide likewise has an 

HoO 

equivalent weight of — 17.008. 

4a 


1 he structural formula of hydrogen peroxide is usually written 
with the electrical charges distributed as follows: 

H—'O 

■ -f 

j 

H — ”0” 

On reduction, 


^ O (valence change, 0 to —2) 



I 


h 

\ 


H+ 

- 0 


On oxidation. 



H^- 

“0+ 


H+— 

.. 

0 i 

" 0 " 


(valence change, - 2 to 0) 


Example X. Sulphxtb. — I n analytical chemistry, the element 
sulphur is usually encountered in the following forms: 


CoNDmoN Valbnois 

HsS, sulphides _2 

S (free) 0 

502, H2SO8, sulphites -[,4 

503, H2S04, sulphates 
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Since all' these forms may be converted more or less readily one 
into another, it follows that there a large number of possible 
valence, changes, and' that sulphur may have one, of several 
equivalent weights, depending upon the reaction involvecL In 
the reaction: ^ 

SHaS + 2 HNO 3 3S '+ 2NO + 4 H 2 O, ■ . 

the valence change of the sulphur is from — 2 to 0 and the equi- 

US 

valent weight of H 2 S is == 17,04, and that of the constitu-, 
S 

,ent sulphur is = 16.03. ■ In the oxidation of sulphurous acid, 


as for example in the reaction: 

H 2 SO 3 + H 2 O + I 2 H 2 SO 4 + 2 HI, 


the valence change of the sulphur is from +4 to +6 and the 


equivalent weights are therefore 




41.04, 



= 32.03, 


' ' S 

and 16.03 as the case may be. In the detenninatioii of 

sulphur in steel by the Bamber method, the sulphur, probably 
present as manganese sulphide, is oxidized directly by strong 
nitric acid according to the reaction: 

MnS + 8HNO3 MnS 04 + 8NO2 + 4H2O. 

Here the valence of the sulphur undergoes a change from —2 

to +6 and the equivalent weight of the siilphui* is = 4.008. 

Other changes arc possible, and each change will give a character- 
istic equivalent weight for the reacting sulplmr. 

Consideration of the above especially Examples I, III, V, VIl, 
VIII, IX, and X, shows the importance of the following fa<*t 
which cannot be over-emphasized, namely, — the equimlerd weight 
of an element or compound depends entirely upon the reaction in 
which that element or compound is involved, 

49 . Calculations of Oxidation, and Reduction Processes. — 
Since the concentration of solutions in oxidation and reduction 
titrations, like those in acidimetry and alkalimetry, are based on 
the hydrogen equivalent, the methods of calculation are iden- 
ticah Thus, one liter of a normal solution of an oxidizing agent 
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will exactly oxidize one liter of a normal solution of a reducing 
agent, or two liters of a half normal solution. 

(cf- Sect. 33). 

In titrating a reducing agent with a solution of oxidizing agent, 
or an oxidizing agent with a solution of reducing agent, reasoning 
similar to that described in Sect. 37 and 38 will evolve the same 
general formulae as were there derived, namely, 
c.c.s X N, X e* — grams X 
, C.C., X X Cx . , 1 „ „ 

' wL^sarapk^- ^ 

The iiietliods of solving the various types of problems des- 
erilxH'l luider Sect. 38, 39, and 40 likewise apply to oxidation and 
reduction titrations. 

Example I. — What is the normality of a solution of potassium 
permanganate if 40.00 c.c. will oxidize that weight of potassium 
tetroxalate, KHC 2 O. 1 .H 2 C 2 O 4 . 2 H 2 O, which requires 30.00 c.c. 
of N /2 sodium hydroxide solution for its neutralization? 

The amount of tetroxalate which requires 30.00 c.c. of N/2 
NaOH for neutralization would be: 


30.00 X 0..5000 X 


1.27 1 grams. 


The normality of the permanganate is therefore: 
1.271 


40.00 X 


KHC2O4.H2C2O4.2H2O' 


0.5000. 


The same result is more simply obtained by setting up the 
entire equation before performing any of the operations, when 
it will l>e found that the molecular weights of the potassium 
tetroxalate cancel and need not be calculated. Thus, the weight, 
of potassium tetroxalate neutralized by 30.00 c.c. of N /2 NaOH is 


30.00 X 0.5000 X 


KHC 2 O 4 .H 2 C 2 O 4 . 2 H 2 O 


and the weight of potassium tetroxalate oxidized by 40.00 c.c. of 
X normal KMn04 is 

KHC2O4.H2G2O4.2H2O 

4U.(W X X X -- ■ 

Since these two expressions are equal to, each other,, the, '.equality. 


programme 
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may, be, expressed by -an' equation in wliieh the molecular weights 
of. ,tlie potassium tetroxalate cancel, and ■x gives, the value 
0.6000 for the normality of the permanganate. 

Exampue II,— What is the percentage of Fe203 in a sample of 
limonite ore (impure Fe203) if the iron from a 0,5000-gram sample 
is reduced and titrated with 35.15 c.c. of a potassium dichromate 
solution of which 15.00 c.c. are equivalent in oxidizing po%ver to 
25.00 c.c. of a potassium permanganate solution of which 1 c.c. 

0.004750 gram Fe. (This last expression is a conventional 
means of signifying that 1 c.c, of the solution will oxidize 0.004750 
gram of iron from the dwalent to the trivalent state.) 


Normality of the KMn04 = 


0.004750 


1 X ”, 


Fe 


- 0.08506. 


1,000 


Normality of K2Cr207 
Fe203 

'poo 


0.08506 X 


25.00 


15.00 


0.1418 


36.15 X 0.1418 X 


X 100 = 79.56 per cent. Fe203. Ans. 



0.5000 

Example III. — An excess of potassium iodide is added to a 
solution of potassium dichromate, and the liberated iodine is 
titrated with 48.80 c.c. of N/10 sodium thiosulphate solution. 
How many grams of K 2 Cr 207 did the dichromate solution 
contain? 

This determination makes use of the fact that a strong oxidiz- 
ing agent like potassium dichromate will liberate its own equivalent 
of iodine from an iodide: 

KsCrsOT + 6 KI ■ +' ■ 7H2SO4 ' ■■ 

;' K 2 S 04 + 012(804)3 + 312 + 7H2O, 

and the liberated iodine may be titrated with thiosulphate: 

■ 2 Na 2 S 203 + I 2 ^ Na2S406 *4- 2NaI., ■ 

Although the titrating agent does not react directly with the 
dichromate, it reacts with its equivalent of iodine. Therefore, 
the volume of titrating solution is the same as it would have been 
if the original solution had been titrated directly. This is true 
of all similar determinations. 

Hence, 

Tr fiy 

Grams of KsCraOr = 48.80 X 0.1000 X “1^^- = 0.2398. Ans. 

o,UUu 
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Problems 

224. How imnj grains of KNO2 per cubic centimeter does a solution 
of potassium nitrite contain if it is tenth normal as a reducing ageni ? How 
many grams of SO2 per liter does a sulphurous acid solution con lain which is 
0.05860 N as a reducing agent? 

^4 ns. 0. 004256 gram. 

1.876 grams. 

225. Calculate the value of 1 c.c. of 0.1242 N KMn04 in terms of (a) Fe; 
(6) Fe-iOs; (c) FeS04-7H20. Calculate the value of 1 c.c. of 0.1242 N iodine 
solution as an oxidizing agent in. terms of (a) SO2; (b) ri2SO:j; (r) Xa^SOs. 

das. (a) 0.006!)34 gram; (h) 0.009917 gram; (r) 0.03451 gram. 

(a) 0,003078 gram; (b) 0.005097 gram; (V) 0.007820 gram. 

226. What is the normality of a nitric acid solution to lie used as an oxi<liz- 
ing agent (reduced to NO) if it contains 55.5 percent by weiglit of HNOg 
and lias a specific gravity of 1.350? 

Ams. 35.67 N. ” 

227. Thirty cubic centimeters of ferrous ammonium sulphate solution 
contain 1.176 grams of pure FeS04.(NH4)2S04.6H20. Twenty cubic centi- 
meters of potassium dichromate solution contain 0.2940 gram of K2Cr20j. 
(a) Normality of the ferrous ammonium sulphate? (b) Normality of the di- 
ehromate? (c) Value of 1 c.c. of ferrous solution in terms of the diehromate? 

Am. (a) 0.1000 N; (b) 0.2998 N; (c) 0.3335 c.c. 

228. What is the value of 1 c.c. of N/25 sodium thiosulphate solution, in 
terms of Cu? (2Cu’^"*' + 41” 2CuI -f I2). What is the normality of a 
thiosulphate solution if 25 c.c. are required to titrate the iodine liberated by 
0.01563 gram of copper? 

A ns. 0.002543 gram. 

0.009833 N. 

229. How many c.c. of K2Cr207 solution containing 25.00 grams of anhy^ 
droiis salt per liter would react with 3.400 grams of FeS04.7H20 in dilute 
acid solution? 

A ns. 24,00 c.c. 

230. An iodine solution which has been standardized and foimd to he 
1.003 normal is 0.3 per cent too strong. How many c.c. of N/1(K) iodine 
must be a, (hied to a liter of the first solution to make it of the desired strength? 

Afis. 3.03 e.e. 

281. if 10 grams of K4Fe(CN)6.3H5}G- are dissolved in water and the 
volume made up to 500 c.c., what is the normality of the solution as a 
reduchig agent? (10K4Fe(CN)s + 2KMn04 4- 8H2SO4~-^10.KA^^e(CN)fi -f 
6 KsB 04 4 2MnS04 4“ 8H2O). 

Am. 0.04736 N. 

282. One cubic centimeter KIiC204.H2G204,2H20=c= 0.2000 c.c, KMn<}4. 

One cubic centimeter KMnO4<5=0.1H7 gram^ Fe. 

What is the normality of the tetroxalate' solution when used as a reducing 
agent? 

Ans. 0.4000 N. 


A 
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233> What is the. value of 1 c.c, of an iodine soIutio.n (1 c.c.=c=' 0.03000 gmm. 
.Na2S20s) in terms of AS2O3?: (NasAsOs + I2 + 2NaHC03"-^Na3As04 + 
2NaI + H2O +-2C02). . 

A m, 0.009386 gram. 

234. G.aleiiim may be precipitated as CaC204.H20, the precipitate filtered, 
washed, and dissolved in dilute H2SO4. The oxalic acid formed may be 
titrated with potassium permanganate. If a N/10 solution of IVM11O4, is 
used, calculate the value of 1 c.c. in terms of (a) Ca; (h) CaO; (c) CkCOg. 

Aw.s‘. (o) 0 . 002004 gram. 

(b) 0 . 002804 gram. 

(e) 0 . 005004 gram. 

236.: One hundred c.c. of Iv2Cr207 solution (10.0 grams per liter), 6.00 c.c. 
of {> N H2SO4 and 75,0 c.c. of FeS04 solution (80.0 grams FeS04.7H20 per 
liter) a.re mixed and the resulting solution titrated with 0.2121 N KMiiOi.' 
Otilciilate the volume required. 

A ;/,s‘. 5.63 c.c. 

236. To a mixture of 97.31 c.c. of 0.1096 normal iodine and 97.21 c.c. of 
0.1098 normal thiosulphate solution a drop of starch is added. Is the solu- 
tion blue or colorless? 

A ?i.^. Colorless. 

237. One-tenth of a gram of iron (99.98 per cent pure) was dissolved in 
sulphuric acid out of contact with the air and was titrated with 0.1 N 
KiMn04. How many cubic centimeters were used in the titration? 

Aus, 17.91 c.c. ‘ 

238 . From the following data calculate the normality of the Na2S20s 
solution, 

1 c.c. K2Cr 207=2=0.005584 gram of Fe. 

20 c.c. K2Cr207 liberates sufficient iodine from potassium Iodide to require 
32.46 c.c, Na2S203 solution for reduction. 

Ans, 0.06162 N. ■ 

239. Fifty cubic centimeter of an iodine solution are exactly equivalent 
in oxidizing power to 49.47 c.c, of a K'^Cr^O? solution of which 1 c.c. will 
liberate 0.004263 gram of iodine from KI. Calculate the normal values. 

Am. I2 « 0.03323 N. 

K2Cr207 = 0. 03359 N. 

240. From the following da-ta calculate the ratio of Ihe nitric acid as an 
oxidizing agent to ihe tetroxalate solution as a nHlucing agent. 

■ le.c. HN03 =c= 1.246 c.c. NaOH , 

Ic.c. KHC204.H2C204.2H20 =c=L 743 c.c. KaOH 
Normality NaOH = 0.1200 

Ans. 1.608. 

241. Forty cubic centimeter of KMn04 solution (1 e.c.=o: 0.005000 gram 
iron) are added to KI and the liberated iodine titrated with sodium tliiosui- 
phate solution requiring 35.90 c.c. What is the value; of 1 c.c. of the thiosul- 
phate solution in terms of copper? (2Cu'^'^ + 41‘'-~>2CuI + I2) 

Am. 0.006346 gram. 
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/nftn weigl't' of FeS04.7Ha0 will react witli that amount of MuO,. 

(92.50 per cent pure) which will o.xidize the same amount of oxalic acid 
as 25 c.c. of IvMn04 solution of which 1 c.e. will liberate 0 01750 iiriiin of 
iodine from KI. (MnOj + 2Fe++ + 4H+-^Mn++ + 2Fe+++ + 2IFO) 

/I'ws. 1.342 grams. . 2 

243. Given two permanganate solutions. Solution A contains 0.01.507 
gram of RMnOi per cubic centimeter. Solution B is of such strength that 
20 e.c.=c= 0.1200 gram Fe. In what proportion must the two solutions be 
mixed m order that the resulting solution shall have the same oxidizing 
power in the presence of acid as N/3 KjCrjOi has? 

. ; VoL A 

aws, g . — ’ 1.0^6 


244. If 25 c.e. of ferrous sulphate solution in sulphuric acid require 31.26 
e.c. of N/10 K,CrA)7 .solution for oxidation, how much water imisl be added 
to 200 C.C. of the reducing solution to make it exactly ono-t wont iclh ncnual? 

Am'. 300 c.c. 


246. To oxidize the iron in 1 gram of FeS04.(Nll4).S04.6H,0 requires 
5 c.c. of HNOa. How much water must he added to 500 e.c. of this acid to 
make the concentration as an acid exactly tenth-normal? 

A ns. 350 c.c. 


246. A solution of .sodium thiosulphate is freshly prepared and 48 c.c. 
are required to titrate the iodine liberated from an excess of KI solution by 
0.3000 gram of pure KIO,. (KIOs + SKI + SHjSO. BK^SO. + 3Ia + 
3HoO). WTiat is the normality of the thiosulphate and its value in terms 
of iodine? 

Ans. 0. 1752 N. 


0.02224 gram. 

247. The thiosulphate solution of the preceding problem is allowed to 
stand and 1 per cent of the Na 2 S 203 is decomposed by carbonic acid present 
ill the solution (NasSaOs -f 2 H 2 CO 3 H 2 SO 3 -f 2 NaHC 03 + S). ' What 
is the new normality of the solution as a reducing agent? 

Am. 0.1768 N. ■ 

248. How many grains of I 1 .M 111 O 4 are contained in a liter of poiassiiini 
permanganate if, a certain volume of it will oxidize a weight of pot?issium 
te(,roxalate requiring one-half that volume of lNI /5 potassium hydroxide 
solution for neutralization? 

Aws. 4.214 grams. 

249. \¥hat is the normality of a solution of potassium permanganateif 
50 . 13 , c.c. . w,ili oxidize that weight of .KHC 2 O 4 which requires 43.42 c.c. of 
0.3010 N sodium hydroxide for neutralization? 

Ans. 0.5214 N. 

250. If the iron in a 0.1500 gram sample of iron ore is reduced iuid sub- 

sequently requires 15.03 c.c. of N /10 permanganate for oxidation, what is 
the percentage of (a) Fe; (5) FeO; (c) Fe203? . . ' ' 

Am (a) 55.94 per cent. 

(b) 71.96 per cent. 

(4 79.98 per cent 
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251. What is the percentage purity of a samp 
if a sample weighing 0.2003 gram requires 29.30 
tioiij of which 1 e.c. =o= 0.006023 gram Fe? 

99.53 per cent. 

252. A sample of sodium sulphite weij 
100 c.c. of N/10 iodini 
of Na2S20s.5H20 solution of which 1 
liberated from 0,01574 gram of Kl, 


ighing 1.468 grams was added to 
le. The excess iodine was titrated wdth 42.40 c.c. 

c.c. was equivalent' to , the iodine 
Calculate the percentage of NagSOg in 

the sample, ■ 

Aw, 9. 25.67 per cent. 

253. Given the following data, calculate the percentage of Mn02 in a 
sample of pyrolusite. 

Sample = 0.5217 gram. 

KHC2O4.H2C2O4.2H2O added to react with MnOa = 0.7242 gram. 
KMn04 used in titrating excess = 22.42 c.c. 

1 c.c. KMn04 0.009721 gram H2C2O4.2H2O. 

(MnOa 4" C2OT +4H+ Mn++ + 2CO2 H- 2H2O.) 

Ans, 66.14 per cent. 

^ 264. From the following data calculate the percentage of Grand of Cr20 3 
in a sample of chrome iron ore: Weight of sample == 0.2500 gram; FeS04 
solution used ~ 53.40 c.c.; K2Cr207 solution used == 8.00 c.c.; 1 c.c. FeS04 
solution =3= 0.8000 c.c. K2Cr207 solution; 20. a) c.c. KsCrsO? solution liberates 
from an excess of KI an amount of iodine requiring 25.00 c.c. of N/10 
Na2S203 for reduction. (Cr-iOT” + GFe"^-** + 14H+ Cr+++ + 6Fe-^-++ 
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A mixture of pure potassium permanganate ami p<>l{is.siuni {‘hroriuijr. 
weighing 0.2400 gram, when treated with KI in acid soluikm liheniUss 
sufficient iodine to react with 60.00 c.c. of N /10 sodium thiosulphate solu- 
tion. Find the percentages of Cr and IMn in the mixture. 

Ans. Cr — 11.0 per cent. 

Mn = 20,5 per cent. 

268. To a half-gram sample of pyrolusite is added a certain weight of 
oxalic acid (II 2 C 2 O 4 . 2 H 2 O) and after reaction in acid solulion is complete, 
the excess oxalic acid requires 30.00 c.c. of N /10 KMnOi for oxidation. If 
the pyrolusite is calculated to contain 86.93 per cent jMiit> 2 s what was 
the weight of oxalic acid added? (Mn 02 + H 2 C 2 O 4 ■+“ H 2 S 04 --> ]\InH( ^4 
+ 2 CO 2 + 2 H 2 O.) 

Am*. 0.8194 gram, 

269. Fifty c.c. of 0.2016 N oxalic acid are added to a sample of pure 
MnOa to reduce it. The excess of oxalic acid requires 10.15 c.c. of 0.2008 
N KMn 04 for its oxidation. What weight of MnOa was present? 

Ans, 0.3490 gram. 

260. A sample of pyrolusite is treated with HCl, the libera ied ehlorine is 
passed into potassium iodide, and the liberated iodine is titrated witli NjiifHoOn 
solution (49.64 grams of Na 2 S 20 .^. 5 H 20 per liter). If 38.70 c.e. .are required, 
what volume of N/4 KMn 04 would be required in an indiroet determi- 
nation in which a similar sample is reduced with 0.9000 gram ofH 2 C 204 . 
2 H 2 O and the excess oxalic acid is titrated? 


■| 


MnOa + 4HC1 MnCis + 2 H 2 O + Ch, 
Cia -h 2KI->2KC1 -f I 2 . 

26.16 c.c. 


261, A sample of pyrolusite weighing a grams is analyzed in the usual 
way. If the oxalic acid taken weighs b grams and c c.c. of N/IO KMn 04 
are used in the analysis, derive an expression showing the per cent IvInOs 
in the sample. 


Ans. 


68.985 


- 0.4347c 
a 


~ per cent. 


262. In analyzing a 1 -gram sample of hydrogen peroxide with permanga- 
nate, what must be the normality of the KMnOi in order that the burette 
reading shall represent directly the per cent H 2 O 2 ? 

A7ts, 0.5880 N. ■ ■ 

263. What weight of spathic iron ore (impure FeCOs) should betaken for 
analysis sucli that the number of cubic centimeters of KMn 04 (1 c.c, 0.30 
c.c. of potassium tetroxalate solution which is fourth-normal as an acid) 
used in the titration will be twice the percentage of FeO in the ore? 

Ans, 1*438 grams. 

264. What must be the normality of a standard iodine solution so that 
if a 0.5000-gram sample of stibnite (impure Sb 2 S 3 ) is taken for analysis, the 
number of c.c. of solution may represent directly the percentage of antimony? 

(SbOs" -f I 2 + H20-^Sb04" + 2H+ + 21"“.) 

Am, 0.08324 N. 
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266. A sample of spathic iron ore is analyzed for calcium by the pernian- 
gaimte method, following the precipitation of the calcium as oxalate. What 
weight of sample must be taken so that one-half the number of c.c. of N/10 

ilMii04 may represent the percentage of CaO in the saiiiple? 

A‘m. 0.5607 gram. 

266, How many grams of pure K 2 Cr 207 must be weighed outy dissolved 

and diluted to exactly 700 c.c. to make a solution which when used in the 
titration of iron in a sample of ore shall be of such a stiength that four 
times the number of c.c. used with a half-gmm sample shall represent one- 

half the percentage of FeO in the sample. 

19. 12 .grams, 

^ ‘^“iysis so that the 

w!',f 'w ^ ""“‘I P®™’i“K^»ate multiplied by two will give the per cent 

. -r eaUjj m the sample? 

0.3328'gram, 

mlnrn volumetrically by means of ferric alum 

lution, what weight of sample should be taken so that the number of 

Sm ofPcT-T W u f ‘=-«- 0'4«)0 

S ■>' Ti ta th. „ 

1.566 grams. 

Wifh (H,C,0,.2H,0) is allowed to react 

nerm ^ f pyrolusite and the excess oxalic acid is titrated with 
that Ce hlf normality of the permanganate in order 

burette tf ? f P^^'itage of MnO, may be obtained by subtracting the 

burette reading from a certain number? What is that number? 

Ans. 0.2300 N; 62.09. • numocr. 

100?e chromite Should be taken for analysis so that by using 

IM c.c. of 0.12o0 normal ferrous sulphate solution to reduce the chromium 

whh 0 n 11 r o f t tho ferrous sulphate 

112.5 — c.c. KaCr-iO? ~ per cent CraOa. 

Ans. 0.2814 gram. 





CHAPTEE X 

SATURATION OR PRECIPITATION METHODS 

60. Calculations Involved.— The methods of analysis classified 
under this subdivision depend upon the exact precipitation of a 
substance by a standard solution of a precipitating agent. The 
methods may be direct or indirect; that is, the precipitating 
agent may be added to a direct end-point, or an excess may 1:)e 
added and that excess determined .by titration. The iiiethods 
of computation. and the principles involved are exactly similar t'.o 
those discussed under acidimetry and alkalimetiy. In this 
ease, however, elements and radicals other than hydrogen enter 
into the metatheses, and to determine the equivalent weight it. is 
only necessary to divide the molecular weight hj the actual 
valence or total electrical charges on the reacting constituent. 
Thus the equivalent weight of di-sodium hydrogen phosphaie 

referred to the hydrogen is U = 142,05; referred to the 


71.03; and referred to the phosphate is 


47.35, 


referred to the hydrogen is — ? = 142,05; referred to the 

sodium is = 71.03; and referred to the phosphate is 

— ^ = 47 . 36 . 

All the formulae derived imder acidimetry and alkalimetry 
hold true for reactions of this type, and the methods of aj)plyiisg 
them are identical. 

Example I. — -What is the percentage of silver in a coin, if a 
0.2-g,ram sample requires 39.60- c.c. of potassium tliio(’;yanate 
.solution (0.4103 gram of KCNS per 100. c.c.) for the precipitation 
of the silver? . . 

Ag+ +'CNS-;-~>AgCNS 

A liter of the KCNS solution, contains. 4.103 grams of the salt. 
Its normality is “ 0.04223. 


Its normality is 


0.04223. 


39.60 X 0.04223 X 

0:2000 


X 100 “ 90,20 per cent Ag, 
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Problems 


271. Wliat volume of 0.1233 N silver nitrate solution is required to 
precipitate the chloride from a sample of rock salt weighing 0.2280 gram and 
containing 99.21 per cent NaCi? 

ilns. 31.37 c.c. 

272. What volume of N/12 BaCU solution is required to precipitate the 
sulphur from a solution containing 0.2358 gram of FeS04.7H20? 

A71S. 20.30 c.c. 

273. A solution of a soluble phosphate which is 0.2 N as a precipitating 
agent is used to precipitate the magnesium as MgNH4P04 from a l-gram 
sample of dolomite containing 14,01 per cent MgCO^. What volume is 
required? 

Afts. 16.62 c.c, 

274. A solution of K2Cr207 which is 0.1121 normal as an oxidizing agent 
is used to precipitate BaCr04 from 0,5060 gram of BaCl2.2Ii20. What is the 
normality of the solution of KgOraOr as a precipitating agent and what 
volume is recpiircd? 

A71S. 0.07473 N; 55.42 c.c. 

275 . What must be the normality of a solution of silver nitrate so that 
each cubic centimeter shall be equivalent to one milligram of sodium chlor- 
ide? How many grams of AgNOa are contained in a liter? 

Ans. 0.01710 N. 

2.906 grams. 

276 . What is the percentage of bromine in a sample of bromide if to 
1.600 grams of the sample are added 52.00 c.c. of N/5 AgNOs solution and 
the excess silver requires 4.00 c.c. of N/10 KCNS solution for the precipita- 
tion of AgCNS? ... 

Ans. 49.95 per cent, 

277 . What volume of oxalic acid solution which is H/5 as an acid is 
required to precipitate the calcium as CaC204.H20 from 0.4080 gram of 
cement containing 60.32 per cent CaO? TOat is the normality of the oxalic 
acid as a precipitating agent? 

Ans. 43.88 C.C.; N/5. 

278 . A sample of feldspar contains 7.58 per cent Na20 and 0.93 per cent 
K2O. What must be the normality of a silver nitrate solution if it takes 
22.71 c.c. of it to precipitate the chloride ions from the combined chlorides 
from a 0.1500 gram sample? 

Am. 0.03005 N. 


279. In the volumetric analysis of a silver coin containing 90 per cent Ag, 
using a 0.5000 gram sample, what is the least normality that a potassium 
thiocyanate solution may have and not require more than 50 c.c. of solution 
in the analysis? 


-ri 




Am. 0 08339 N. 

280. A mixture of pure LiCl and Bal2 weighing 0.6000 gram is treated 
with 45,15 c.c. of 0.2000 normal AgNOa solution and then titrated with 


f f t 

■Hit! - 

] ' ■ i , 

' ' ■ "'1 I • ’ 
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2-5.00 c.c. of N/10 KCNS solution with ferric alum as indicator. Find the 
percentage of iodine present in the mixture. (Ag+ + CNS--> AgCXS.) 

44.61 per cent. ‘ ’ 

281. ^ A sample of greensand weighing 2.000 grams yields a mixture of NaCi 
and KCI weighing exactly 0.2558 gram. After dissolving the ehlorities 

35.00 c.c. of 0. 1 normal AgNOs are added to precipitate the chloride .and 1 he 
e.xcess is titrated with 0.92 c.c. of N/60 thiocyanate solution. Calculate 

the percentage of potassium in the sample. 

Ans. 6.36 per cent. 

282. Tlie purity of soluble iodides is determined by precipitating the iod ine 
with an excess of standard silver nitrate and titrating the exce.ss AgXOs 
with thiocyanate solution. The silver nitrate is niade by dissolving 2 T^2 
grams of metallic silver in nitric acid, evaporating just to dryness. dmohlZ 
the residue m water and diluting to exactly 1,000 c.c. Sixty c.c. of this 
solution arc added to 100 c.c. of a solution of an iodide and tlie excess tit rated 
vitii 1.03 c.c. of thiocyanate solution of which 1 c.c. wall precipitate 0.001247 
gram of silver as AgCNS. Calculate the grams of iodine as iodide in the 
100 c.c. portion of the solution. 

0.1482 gram. 



PART III 
GAS ANALYSIS 
CHAPTER XI 


CALCULATIONS OF GAS ANALYSIS 


61. Fundamental Laws,— Problems involving the determiim- 
tion of the proportional amounts of the components of a gaseous 
mixture, and the determination of the amount of a given sub- 
stance by measuring the quantity of gas which it xnay be made 
to evolve in chemical reaction are the only phases of Gas Analysis 
considered in this chapter. The subject is not discussed at 
great length, and special topics such as the interpretation and 
calculation of flue gas analyses are not dealt with. These topics 
pertain rather to chemical engineering than to general analysis, 
and are usually discussed in detail in books dealing with special 
fields of chemistry. 

The calculations of gas analyses make use of the following gas 
laws, most of which apply strictly only to the so-called perfect ’ ^ 
gases, but which may be applied to ordinary analyses with results 
which are usually in keeping with the precision of aBalyti(*al 
manipulation. These laws should be more or less familiar to the 
student. 

Boykos Latf;.— The volume of a fixed mass of a gas at constant 
temperature is inversely proportional to the pressure to wdiich 
it is subjected. That is, 


pv 


pV 


h 


where pv and p^v^ are pairs of simultaneous values of pressure 
and volume of a given mass of gas, and & is a constant. 

Example I. — If a sample of gas' occupies a volume of 500 e.e. 
at a barometric pressure of 755 mm.--of mercuiry, what: Voliinie; 
would it occupy at a pressure of 760 mm, 

120 
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All increase in' pressure must cause a decrease in voiume. 
In this case, the new volume will be: 

*7 K ' 

500 X = 496.7 c.c. Ans. 

7dU 

Or by substitution in the formula above, 

755 X 500 = 760 X x, 

whence x = 496.7 c.c. Ans. 

Charles’ Law —The volume of a fixed mass of a gas at constant 
pressure is directly proportional to the absolute temperature to 
which it is subjected; that is, 

V _T 

;■ V r . 

where vT and are pairs of simultaneous values of volume 
and temperature expressed on the absolute scale. Zero on the 
absolute scale, is at ~-273®C., hence the temperature in absolute 
units may be found by adding 273 to the temperature in Centi- 
grade units. Charles^ Law may therefore be written: 

r 273 + t 
v' 273 +r 

where t and i' represent the respective temperatures in degrees 
Centigrade. 

Example II. — If a gas occupies a volume of 500 c.c. at 20°C., 
and the temperature is raised to 30®C. at constant pressure, 
what is the new volume of the gas? 

The temperatures on the absolute scale are 293° and 303° 
respectively. If the temperature is raised, the gas must expand 
and the new volume becomes: 

* 20 ^ 

500 X 20 ^ — c.c. Ans. 

Or, by substitution, 

500 ^ 273 + 20 
273 + 30^ 

whence, x ~ 517 c.c. Ans. 

Dalton’s Law , — The pressure exerted by a mixture of gases is 
equal to the sum of the pressures of the individual components, 
and the pressure exerted by a single component is the same as the 
pressure that component would exert if existing alone in the same 
volume. 
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Example III. — Moist hydrogen gas is confined over water 
under a pressure of 760 mm. of mercury and a temperature . of, 
26°C. What is the actual pressure of the hydrogen? 

At' 26°C., the vapor pressure of water is 25 millimeters of mer« ' 
ciiry (see Table IV, Appendix). The partial pressure of the 
hydrogen is therefore 760—25, = 735 mm. Ans. 

Gay-LmsaUs Law . — Whenever gases unite or gaseous products 
are formed, the proportions by volume measured at the same 
temperature and pressure of all the gaseous products concerned, 
can be represented by ratios of small integers. Thus, in the 
reaction : , 

2H2 + O2 2H2O, 

two parts by volume of hydrogen unite with one part by voliiiiie 
of oxygen to give two parts by volume of water vapor. 

Amgadro^s Law . — ^Eqiial volumes of all gases under identical 
conditions of temperature and pressure contain the same number 
of molecules. 

Strictty speaking, this is a hypothesis. Increasing knowledge, 
however, has made this hypothesis more and more probable, 
until now it is usually accepted as a fundamental truth. 

52. Gas-Volumetric Methods. — For convenience, Gas Analysis 
may be divided into the following groups: 

1. Gas-volumetric Methods. 

2. Absorption Methods. 

3. Combustion Methods. 

Under gas-volumetric methods may be included those methods in 
which a gas is evolved by means of a chemical reaction, and froni 
the volume of the gas the weight of the substance producing it 

is.:,calculated. 

From Avogadro^s Law it is evident that the weights of equal 
volumes of gases will be in direct proportion to the respective 
molecular weights. The weight in grams of 22.4 liters of any 
gas, w^hen measured under standard conditions, f.e., at 0*^0, 
and under a pressure of 760 mm. of mercury, represents the 
molecular weight of the gas. If the molecular weight of a gas and 
the volume which a certain quantity of it occupies under stand- 
ard conditions arc known, the weight of that quantity may 
be readily determined. This is the principle underlying gas- 
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volumetric analysis. Since it is usually inconvenient actually 
to measure the volume of a gas at 0°C. and under 760 mm, 
pressure, it is customary to measure the gas at any convenient 
temperature and pressure, and by means of Boyle’s and Charles’ 
Laws to calculate the volume which the gas would occupy under 
standard conditions. 

Example I. — A gas occupies a volume of 42.06 c.c. under 
765,0 mm. pressure and at 20.0'^C. What is its volume under 
standard conditions? 

According to Boyle’s Law, if the pressure of the gas at a con- 
stant temperature is reduced from 765 mm. to 760 mm., the 
volume would be increased in the same ratio, and, were the 
temperature the same, the new volume would be 


42.06 X 


765.0 

760.0’ 


42.34 c c. 


The temperature, however, is to be reduced from 20.0°C. (293® 
Absolute) to ()®C. (273° Absolute), and according to Charles’ Law, 
this change alone serves to decrease the volume of the gas by the 
ratio of 293 to 273. If both the pressure and temperature are 
changed to standard conditions, the volume of the gas becomes: 

42.06 X X Q 39.45 c.c. Am. 

Expressed according to the symbols used above, 

^ f ^ 273 + t 

63. Correction for Water Vapor.— Evolved gases are frequently 
collected and measured over liquids which exert an appreciable 
vapor pressure, and in such cases the barometric pressure docs not 
represent the pressure of the pure gas. It may be assumed that 
the gas will be saturated with the vapor of the liquid over which it 
is measured, and in such cases the vapor pressure of the liquid 
depends only upon the temperature. According to Dalton’s 
Law, the pressure of the pure gas may be found simply by 
subtracting the vapor pressure of the liquid at the given tem- 
perature from the barometric pressure. The values of the 
vapor pressure of water at different temperatures are given 
in Table IV, Appendix. 
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54. Caiculations of Gas-Volumetric Analyses.— These con- 
siderations may be applied to determine the percentage of a 
constituent of a given substance by gas-volumetric measurem ents. 

ExAMPiiE I.- — A 0.500-gram sample of limestone on treatment 
with acid liberates 98.7 c.c. of carbon dioxide when measured 
over water at 23°C. and 761 mm, pressure. What is the per- 
centage of CO 2 in the sample? 

Vapor pressure of water at 23°C. = 20.89 mm. (Table IV.) 
Pressure of the pure CO 2 == 761 — 20.89 = 740 mm. 

Volume of CO 2 under standard conditions = 

74-0 973 

98.7 X X "" 88.6 c.c. 

The gram-molecular w^eight (44 grams) of CO 2 would occupy 
under standard conditions a volume of 22.4 liters, = 22,400 c.c. 
The weight of CO 2 evolved is therefore: 

00 a 

^ iilo> = 

Percentage of CO 2 in the sample is: 

X 100 == 34.8 per cent. 

Problems 

283. Three hundred cubic centimeters of hydrogen gas measured at 15°C. 
are heated under constant pressure to a temperature of 38.7®C. What is 
the increase in volume? 

Ans. 24.7 c.c. 

284. Five hundred cubic centimeters of hydrogen gas are cooled at 
constant pressure .from 26®C. to — Calculate the volume at the new 
temperature. 

, Ans. 440"C.c. 

, 286. The pressure on a gas which at 758' mm. occupies a volume of 000 (?.(*. 
is increased , to 774 inm. 'at constant temperature. What is result iug 

volume?', 

>588 c.c.' 

286, Two hundred and seventy-three volumes of gim at if(". are redmaHl 
at. constant pressure to 271 volumes by lowering the tempcuaturc. What is 
the new temperature? 

287. Three hundred and sixty volumes of hydrogen are measured dry at 
-13°C. and 760 mm. pressure. The pressure remains constant and the 
volume is increased 10 per cent. What is the increase in t,emxxwature? 

26®C. 
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288. Hydrogen is heated iu a closed vessel from 0”G. to lOO^C. The 
original pressure was 760 mm. WTiat is the new pressure? 

Ans. 1038 mm. 

289. One hundred grams of pure calcium carbonate are dissolved in 
hydrochloric acid. Calculate the volume of gas evolved when measured dry 
at 0®C. and 760 mm. pressure. Calculate the volume when measured dry 
at 15®G. and 780 mm. pressure. Calculate the volume when measured 
over water at 30°C. and 748 mm. barometric pressure. 

Ans. 22.4 liters; 23.0 liters; 26.4 liters. 

290. How many liters of oxygen gas measured over water at 16.7°C. 
and 777 mm. pressure can be obtained from 1 kilogram of pure KClOg 
by ignition? 

Ans. 290 liters. 

291. How many cubic centimeters of hydrogen, measured over water 
at 22''C and 765 mm. barometric pressure, will be formed when 0.2102 
gram of sodium is thrown on water? 

Ans. 112.7 c.c. 

292. A quantity of hydrogen is passed over hot ferric oxide. The water 
formed is absorbed in a calcium chloride tube which shows an increase in 
weight of 1,242 grams. "Wliat was the weight of Fe 203 ? 

Ans. 3.67 grams. 

293. What weight of CaCOs must be treated with acid to produce 138.6 c.c. 
of CO 2 , measured over water (saturated with CO 2 ) at 10°C. end 773 mm. 
pressure? 

Ans. 0.599 gram. 

294. If in the analysis of a 0.3000 gram sample of a carbonate, 18.00 
c.c, of CO 2 , measured over water saturated wuth CO 2 at 18®C. and 760 mm. 
barometric pressure, were obtained, find the percentage of carbon present in 
the carbonate. 

A?is. 2.96 per cent. 

295. In the analysis of dolomite 0.0500 gram of ferric oxide, 0.6080 gram 
of CaO and 0.1505 gram of magnesium pyrophosphate were obtained. 
If these were originally present as FeCOs, CaCOs, and MgCOs, how many 
cubic centimeters of COa measured dry at 20°C, and 780 mm. pressure would 
it have been possible to obtain from the same weight of sample? 

Ans. 300.3 c.c. 

296* What weight of silicate should be taken for analysis such that the 
number of cubic centimeters of water vapor evolved on heating, and measured 
at IdO'^C. and 760 mm. pressure, is equal to 100 times the per cent hydrogen 
' present? 

Ans. 0.577 gram. 

297. What weight of limestone should be taken for analysis such that the 
volume in cubic centimeters of CO 2 measured dry at 20°C. and 780 mm' 
equals the percentage of CO 2 present? 

Ans. 0 1880 gram. 

298. The calcium in a sample of dolomite weighing 0.9380 gram is 
precipitated as calcium oxalate, dried, and ignited to calcium oxide. If 


i.'Ti; . — 1 

, 1 . 




56,83 c.c. of gas measured dry at, 764 mra. and 20*^0. are; evolved orr 
ignition, \vlia,t is die pcaaieiitage of CaO in the 

,<4ws. 7.10 per cent. 

299. A sample of pyrite (FeSa) weighing 0.2000 gram yields 0.7783 gram 

of BaS04. , How many cubic feet of air measured at 130°F, and 27 inches of 
mercury pressure would theoretically be required to bum one pound of the 
pyrite? What would be the volume of the gaseous residue (sulphur dioxide 
and residual nitrogen) measured at the same temperature and pressure? 
(4FeS2 + 1102 2Fe203 + 8SO2) (Air — 20.9 per cent O2 by volume). 

Aws. 52 . 4 cu. ft. 

51.8 cu. ft. 

300. A compound which may be either di-methyl aniline (C6Hf,N(CiI:<)2) 
or di-ethyl aniline (C6H5N(C2H6)2), on decomposition is found to yield 
a volume of nitrogen (measured chy at 27®C. and 760 mm. pressure) which 
when expressed in cubic centimeters is approximately equal to lOO times 
the weight in grams of the sample taken. What was the compound taken? 

Ans . , Di-methyl aniline. 

301. Compute the volume of H2O which can be obtained from 8 grams 
of H4Gai2Ai6Siio043 measured at (a) 20°C. and 750 mm. pressure and 
(5) at 750 mm. pressure and 900®C. (2 significant figures.) 

Ans, (a)0.18c.c. 

(6) 970 c.c. 

302. A sample of dolomite is found to contain insoluble matter, 1.80 per 
cent Fe203, 13.00 per cent MgO, and 38.15 per cent CaO. Using a 1-gram 
sample, a student analyzes for CO2 and obtains 260.0 c.c. of gas when 
measured over water saturated with CO 2 at 20®C. and 750 mm. pressure. 
If iron, magnesium and calcium were present wholly as FeCOa, MgCO$, and 
CaCOs, what percentage error was made in the CO2 determination? 

Aw. 1.6 per cent. 


65. Absorption Methods. — Absorption methods of Gas Analysis 
apply to the determination of the proportionate amounts of the 
components of a gaseous mixture. The mixture of gases is 
treated with a series of absorbents and the temperature and 
pressure are usually kept constant throughout the entire deter- 
mination. In cases where these are allowed to vary, corrections 
for their effect may be made by applying the principles outlined 
in Sect. 52. The difference in the volume of the gas before and 
after it has been acted upon by each absorbing agent represents the 
amount of gas absorbed, and the amount is usuall}^ expressed on a 
percentage-by-volume basis. The many forms of apparatus 
used for carrying out gas absorptions are described in the text- 
books on the subject, but the fundamental principles are iden- 
tical. The reagents commonly employed are listed below: 
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Gah,. 

Carbon dioxide 

IJnsatiirated liydrocarbons 
Oxygen 

.Carbon monoxide 


Reagent 
Caustic soda ; 

Caustic potasb 

Bromine water 
Fuming sulphuric acid 
Alkaline pyrogallol solution 
Yellow phosphorus 
Ammoniacal cuprous chloride 


Hydrogen 


Palladium sponge 
Palladous chloride solution 
Colloidal palladium solution. 


Example L— A sample of illuminating gas occupying a volume 
of 80.0 c.c. is treated in succession with caustic potash solution, 
fuming sulphuric acid, alkaline pyrogallol solution, and ammo- 
niacal cuprous chloride solution. After each treatment, the 
volume of the residual gas at constant temperature and pressure 
is measured as 78.7 c.c., 75.5 c.c., 75.1 c.c., and 68.3 c.c., respec- 
tively. What is the percentage composition of the gas as shown 
by these results? 

Volume of CO 2 - 80.0 - 78.7 = 1.3 c.c. 

Volume of illuminants = 78.7 — 75.5 = 3.2 c.c. 

Volume of O 2 = 75.5 - 75.1 = 0.4 c.c. 

Volume of CO = 75.1 - 68.3 = 6.8 c.c. 


The percentages of 


1.3 

80,0 

3.2 

80H 

0.4 

80.0 

6.8 

8o76 


X 

X 

X 

X 


the various components are therefore : 
100 =1.6 per cent CO 2 
100 = 4.0 per cent lilts. 


A71S, 


100 = 0.5 per cent O 2 
100 = 8.5 per cent CO. 


56. Combustion Methods. — If a gas mixture contains one or 
more components capable of combustion with oxygen, it is 
usually possible to determine the percentage of these components 
by allowing combustion to take place, and measuring either the 
contraction in volume, the amount of carbon dioxide formed, the 
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volume of oxygen used, or combinations of these, measurements, 
depending upon the number and character of the combustible 
components present. , Gay-Lussac^s Law underlies calculations 
involving contractions in volume. Thus, in the combustion of 
carbon monoxide with oxygen: 

2CO + O 2 2 CO 2 , 

two volumes of carbon monoxide unite with one volume of oxygen 
to form km volumes of carbon dioxide. The combustion is 
therefore accompanied by a contraction equal to one-half the 
volume of the carbon monoxide present and produces a volume 
of carbon dioxide equal to the original volume of carbon 
monoxide. 

Assume a gas mixture with hydrogen and methane as the only 
combustible components. Hydrogen reacts with oxygen accord- 
ing to the equation: 

2H2 + O2 2H2O, 

in which two volumes of hydrogen unite with one volume of 
oxygen to form water vapor, condensing at ordinary tempera- 
tures to liquid water. Methane reacts with oxygen according 
to the equation: 

CH4 + 202->C02 + 2H20, 

in which one volume of methane reacts with two volumes of 
oxygen to form one volume of carbon dioxide. Let x represent 
the volume of hydrogen, and the volume of methane present in 
the gas mixture. The volume of oxygen required for the hydro- 
gen is and the volume of oxygen required for the methane 
is 2y. The total volume of oxygen required, £, is therefore given 
by the expression : , 

( 1 ) 5 = + 

The contraction in volume caused by the hydrogen reaction is 
and that by the methane reaction is 2y. The total con- 
traction in volume, C, is given by the expression: 

(2) C = Hx + 2y. 

■Whence, 

X - € — B — volume of h^vlrogcn, 

ZB — C 

y = ^ = volume of methane. 
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It is evident that by allowing this gas mixture to react with a 
determinable volume of oxygen, , and measuring the resulting 
eoiitraction which the gas undergoes, it is possible to determine 
the volume of hydrogen and methane present. 

Since carbon dioxide is appreciably soluble in water, it is cus- 
tomary in accurate analyses to measure the contraction in volume 
after the carbon dioxide has been entirely absorbed. Under such 
conditions, in the combustion of a mixture of hydrogen and 
methane the volume of oxygen required would be represented as 
before by the equation: 

(1) B = }ix + 2y , , 

but the total decrease in volume due to combustion and absorption 
would be 

(2) C'-M^ + 32/. 

Whence 

X = — 2B = volume of hy drogen, 

= B — = volume of methane. 

Instead of measuring the contraction in volume and the oxygen 
consumed, the amounts of hydrogen and methane present in a 
mixture in which they are the only combustible components 
may be determined from the contraction in volume and the 
volume of carbon dioxide produced by combustion. Com- 
bustion of hydrogen of volume x causes a contraction in volume 
of and produces no carbon dioxide; combustion of methane 
of volume y causes a contraction of 2y and produces a volume of 
carbon dioxide equal to y. The total contraction in volume, C, 
is therefore given by the equation: 

■■■ :C:= + 2:¥, 

and the total volume of carbon dioxide produced, D, is given by: 
Hence, 


3 ; == ^ volume of hydrogen, 

y — D — volume of methane. 

In a similar way, the percentage composition of other mixtures 
of gases may usually be calculated, provided as many independent 
equations can be formulated as there are unknown components in 
the mixture. 
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Tlio following equations represent eombustioo reactions -more 
conimonly encountered in-Gas. Analysisj and the accompanying, 
table shows the volume relationships in each case. 



Yol. 

gas 

O2 

con- 

sumed 

Con- 

trac- 

tion 

CO2 

pro- 

duc(‘d 


1 

H 

IM 

0 


1 

H 

! 2 


1 

Mothaiie CH4 + 2O2 -> CO2 + 2H2O ...... 

' 1 

2 

1. 

"f" SOa 4002 *{” .SHaO 

i 

2H 

IH 

2 

C'>H 4 30s““^ 2CO2 ■*}“ SHsO. ........... 

1 

3 

2 

2 

Ethane 2C2H6 + 702 4CO2 + C)H 20 ^ 

1 

2M 

2H 

2 

Propylene 2C3BE6 "h 9O2 6CO2 “f" eri20. 

1 

4H 

3 

Propane A ^02 3 C 0 ‘* *4” 41120 . ........... 

1 

B 

3 

3 

Butane 2C4H10 + 1302 8CO2 + IOH2O 

1 



4 




I With this table, little difficulty should be experienced in fonnu- 

5 lating the necessary equations for the determination by com- 

bustion of any mixture of the gases. 

In case air is used for combustion, it may be assumed to consist 
of 20.9 per cent of oxygen by volume. 

Example I.— A mixture of carbon monoxide and nitrogen 
occupies a volume of 100 c.c. and on combustion with oxygen 
produces 40 c.c. of carbon dioxide. Calculate the percentage 
of nitrogen in the mixture. 

Let X represent the volume of carbon monoxide and y. the 
volume of nitrogen. Since one volume of carbon monoxide on 
combustion gives one volume of carbon dioxide, the volume of 
c;arbon dioxide produced is equal to x. This volume is stated to 
be 40 c.c. , and the volume of nitrogen is therefore 60 c.c. Ns *= 
.60. per. cent. Ans, . 

■Example. IL“A mixture, of carbon ..monoxide, methane, and 
nitrogen occupies a volume of 20 c.c. On combustion with an 
excess of oxygen, a contraction of 21 c.c. takes x)lace, and 18 c.c. 
of carbon dioxide are formed, W^hat is the volume of each 
component in the mixture? 

Let X == volume of CO, 
y == volume of CH4, 
z = volume of Ng. 
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■Fotal contraction in volume, C, == 
Total volume of CO 2 produced, D, 


z == vol. orig. gas — (a; + ?/) = 2 c,c. J 

Example III. — The residual gas mentioned in Example I, 
Sect. 55, is assumed to consist entirely of hydrogen, methane, and 
nitrogen. To a 20.0 c.c. sample are added exactly 100.0 c.c. of 
air, and the mixture is exploded. After the carbon dioxide is 
absorbed in caustic potash, the volume of the gas is found to be 

88.0 C.C., and after the excess oxygen is absorbed in pyrogallol, 
the volume of the gas is 82.1 c.c. What is the percentage of each 
component in the gas mixture and in the original illuminating 
gas? 

Volume after adding air = 120 c.c. 

Contraction after explosion and absorption == 120 — 88.0 = 

32.0 c.c. = C'. 

Volume of oxygen taken = 100.0 X 0.209 == 20.9 c.c. 

Volume of residual oxygen = 88.0 — 82.1 = 5.9 c.c. 

Oxygen actually required = 20.9 — 5.9 == 15.0 c.c. = B, 
Substituting these values of B and C* in the equations derived 
above, namely, 

x = ~ 2B, 


we obtain 


X = (5^ X 32.0) ~ (2 X 15.0) = 12.7 c.c. = vol. hydrogen, 
y ~ 15.0 — X 32.0) ~ 4.3 c.c. = vol. methane, 

20.0 ““ (12.7 + 4.3) = 3.0 c.c. = vol. nitrogen. 

The percentages of these components are found by dividing 
these volumes by 20.0 and multiplying by 100. 

63.5 per cent H 2 

21.5 per cent CH4 Ans. 

15.0 per cent N 2 


CALCULATIONS OF GAS ANALYSIS 


141 



In the original illuminating gas (Example I, Sect. 55) the percent- 
ages of these components are ; 


12.7 


3 

X 

100 

= 54.2 




X 

20.0 

80.0 

per 

cent 




68 8 


100 

= 18.3 



CH 

4.3 

X 

20.0 

X 

80.0 

per 

cent 

3.0 


68.3 


100 

= 12.8 



Na 

X 

20.0 

X 

80.0 

per 

cent 


Ans. 


Problems 

S03. The following measurements are made under identical conditioim. 
Calculate the percentages of CO 2 , O 2 , CO, and N 2 in a sample of gas con- 


taining no other components: 

Sample taken 1 00 . 0 c . c . 

Volume after KOH treatment 91. 5 c.c. 

Volume after pyrogallol treatment 81. 4 c.c. 

Volume after cuprous chloride treatment 81 . 1 c.c. 

Am, CO 2 = 8.5 per cent. 

O 2 == 10.1 per cent. 

CO = 0.3 per cent. 

N 2 ==81.1 per cent. 


304. The following measurements are made under identical conditions. 
Calculate the percentages of carbon dioxide, oxygen, carbon monoxide, and 
nitrogen in a sample of gas containing no other components: 


Sample taken. 79.5 c.c. 

Volume after KOH treatment 72. 9 c.c. 

Volume after O 2 absorption. ... — 64.6 c.c. 

Volume after CO absorption 64. 5 c.c. 

Am, CO 2 = 8.3 per cent. 

O 2 = 10 , 4 per cent. 

CO ~ 0.1 per cent. 

N 2 81.2 per cent. . 


305. How many liters of oxygen are necessary for the compi(!t<; c(«n!>ustioii 
of 5 liters of (a) methane; (6) acetylene; (c) hydrogen sulphide? 

Ans, (a) 10 liters; (6) 12.5 liters; (c) 7.5 liters. 

306. The following measurements are made under identical conditions. 
Calculate the percentage composition of a mixture of hydrogen and nitrogen : 


Volume of gas taken 68 . 2 c.c. 

Volume of oxygen added . v • • ■ • • ^2.0 c.c. 

Volume of oxygen consumed by combustion 6. 1 c.c. 

Am, H 2 21 .0 per cent. 

Ns ~ 79.0 per cent. 



■sll 

ll 


I 



30T» The following measurements are taken under identical conditions. 
Calculate the percentage composition of a mixture of hydrogen and nitrogen : 

Volume of gas taken. 95.3 c.c. 

Volume of oxygen added. 40.8 c.e. 

Volume of gas after combustion 40. 1 c.c. 

A71S, Ha = 67.2 per cent. 

Na = 32.8 per cent. 

308. What is the percentage composition of a mixture of hydrogen and 
nitrogen if the contraction in volume due to combustion with oxygen is the 
same as the volume of the sample taken? 

4?I8. H 2 = 66 M per cent. 

Ns = 33J4 per cent. 

309. Wliat is the percentage of methane in a mixture of hydrogen, 
methane, and acetylene if 16.0 c.c. of the mixture when exploded with an 
excess of air cause a contraction of 26,0 c.c.? 

25.0 per cent. 

310. The following measurements are made under identical conditions. 
Calculate the percentage composition of a mixture of hydrogen, carbon 
monoxide, and methane: 

Volume of gas taken 10.5 c.c. 

Volume of air added 137. 4 c.c. 

Total volume after combustion 136. 1 c.c. 

Volume after removing CO 2 129. 6 c.c. 

Ans, Hs = 38 . 1 per cent. 

CO =45.7 per cent. 

CH4 = 16. 2 per cent. 

311. What is the percentage of propane in a mixture of propane, carbon 
monoxide, and methane if a 13.7 c.c. sample on combustion produces 23.7 
c.c. of carbon dioxide? 

Ans. 36.5 per cent. 

312. What IS the percentage composition of a mixture of carbon monoxide, 
ethane, and nitrogen, if on combustion with oxygen, the contraction in 
volume and the volume of carbon dioxide produced are each numerically 
equal to the volume of the sample taken? 

Ans. CO = 33M cent. 

CgHe = 33H per cent. 

Ns' ■ = .BSJ'i, per cent... 

313. To 40.8 c.c. of a mixture of hydrogen, nitrogen, and carbon .monoxide 
are added 150.0 c.c. of air, and the mixture is exploded. If 4.8 c.c. of CO 2 
are produced and the residual oxygen requires 42.0 c.c. of hydrogen for 
combustion, what is the percentage composition of the original mixture, 
and what was the total volume after the first combustion? 

Am. H 2 =39.0 per cent. 

N 2 = 49 3 per cent, 

CO = 11.7 per cent. 

Vol = 164.6 c.c. 





314. Wliat is, the percentage composition of a mixture of hydrogen, carbon 
monoxide, and metiiaiie if the volume of the oxygen consumed in: combustion 
and the volume of the carbon dioxide produced are each. equal to three- 
fourths of the volume of the original gas taken?. 

Ans, H 2 = 25 per cent. . 

CO - 58K per cent. 

CH 4 = 16 H per cent. 

315. From the following data calculate the percentage compositioii of a 
sample of illuminating gas: 

Sample taken for analysis. 100 . 6 c.c. 

¥olume after KOH treatment. 98. 4, c.c. 

After Bra treatment. 94.2 c.c. 

.After pyrogallol treatm,ent .93.7 c.c. 

After.Cuada treatment. ■ 85.2 c.c.' 

Residual gas taken for analysis 10.8 c.c. 

Volume of air added 87.8 c.c. 

Volume after explosion SO. 1 c.c. 

Carbon dioxide produced 5.2 c.c. 

Oxygen removed by absorption 5.5 c.c. 


Ans, CO 2 

■Unsat. comps. 

O2 

CO 

CH4 

Hs 

Ns 


2 . 2 per cent. 

4 . 2 per cent. 

0 . 5 per cent 
8 . 4 per cent. 

42.8 per cent. 

88.6 per cent. 

3.3 per cent. 

316. A known volume of a mixture of methane, carbon monoxide and 
nitrogen is exploded with an excess of air. Show by equations that the 
percentage composition of the mixture cannot be determined by measuring 
the contraction in volume and the volume of oxygen consumed. 
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PART IV 


MISCELLANEOUS PROBLEMS 

S17. If in the analysis of a given substance a variation of 0.3 per <*ent is 
allowable, to bow inilligranis must a 10-gram sample be vaugluMi? 

318. Calculate the chemical factors for (a) Sn in SnOg; (b) MgO in 
MgaPaOr; (c) PsOs in Mg.2P207;. (d) mi, in (NH4)2PtCle; (e) Fe;(04 from 
FeaOji. 

319. Calculate the log factors for (a) Cr in PbCr04; (h) Cr^Oa from 
PbCr04; (c) KCi from Pt (obtained by igniting and washing K-iPtClf,). 

320. How many ounces of Mn304 could be obtained from 1 lb. of hint)?? 

321. How many lbs, of phosphorus are contained in 1 ton of Cas(P04),!? 

322. How many ounces of sulphur in 1 lb. of BaS04t 

323. A manufacturer using potassium cyanide in a process involving its 
use as cyanide only, substituted sodium cyanide at Ahi a lb. for a chemically 
equivalent quantity of potassium cyanide at 12 a lb. How much did he 
save per pound of KCN ? 

324. A limestone is found to contain 93.05 per cent CaCOgand 5.16 per 
cent MgCOg. Calculate the weight of CaO obtainable from 3.00 tons of the 
limestone. What weight of Mg2P207 could be obtained from a 3.000-gram 
■sample? 

325. What weight of AgBr could be obtained from 4.7527 grams 
Ag2Cr207? 

326. An ammonium salt is converted into (NH4)2PtCl6 and the latter 
ignited until only the Ft remains in' the .cmcible. If the r«ldiie weighs 
0.1000 gram, what weight of NH3. was prese.nt in the original salt? 

327. What weight of water could be obtained by strongly igniting 2 grama 
of datolite (CaB(OH)Si04)? 

328. Estimate the weight of (NH4)!iP04.12MoOs obtainable from 0.2000 
gram of pure apatite assuming the formula of apatite to be Ca3{P04)2CaF(3. 

329. A sample of chromite weighing 1.013 grams, after systematic removal 
of interfering substances, yields a precipitate of PbCr04 weighing 1.0423 
grams. Calculate the percentage of Cr208 in the sample. 

330. A sample of pure dry CaCOg loses on ignition 0.6427 gram. Calcu- 
late the weight of CaO in the original sample. 

331. If a sample of silver coin w^eighing 0.2500 gram gives a precipitate of 
AgCi weighing 0.2091 gram, what weight of Agl could have been o]>tained 
from the same weight of sample, and what is the percentage of silver in the, 
coin? 



I 


10 


145 


146 


QUANTITATIVE CHEMICAL ANALYSIS 


pi 


‘ * 


332. A 5.3(>0-gram sample, of brass is dksoived in nitric acid, suipluiiic 
acid is added and the whole evaporated untii fumes are evolved. The lead 
sulphate obtained after filtration and ignition weighs 0.0299 gram. Calcu- 
late the percentage of lead in the brass. 

333. What is the percentage of silver in Ag 2 Cr 207 ? 

334. What would be the weight of a piece of gold in vacuo if in air against 
bniss weights it weighs 14.2963 grams? 

336. In vacuo, a quartz dish weighs 22.9632 grams. Calculate the weight 
in air against brass weights. 

336. In determining an atomic weight, a final product of specific gravity 
6.32 is weighed in air against gold weights. What percentage error would be 
made by failing to convert this weight (10.0583 grams) to the weight in vacuo ? 

337. What are the pei'centages of the constituent oxides in a pure sample 
of titanite (CaTiSiOJ? ■ 

338. What are the percentages of the constituent oxides of borax 
(NaaB^OT.lOH^O)? 

339. What are the percentages of Na-iO, H 2 O and SiOg in pectolite 

,(HNaCa2(Si03)3)?^- 

340. What are the percentages of Pb, PbO, CO 2 and water in “white 
lead^^ (2PbC03.Pb(0H)2)? 

341. A sample of dolomite is analyzed for Ca by precipitating as the 
oxalate and igniting the precipitate. The ignited product is assumed to be 
CaO and the analyst reports 29.50 per cent Ca in the sample. Owing to 
insufficient ignition, the product actually contains 8 per cent of its weight of 
CaCOs. "What is the correct percentage of Ca in the sample, and what is the 
percentage error? 

342. A sample of ore weighing 0.8900 gram yields by electrolysis 
0.2670 gram of Ni and Co and from the deposited metal a precipitate weigh- 
ing 0.9405 gram is obtained with dimethyl glyoxime. Find the per- 
centages of Ki and Co in the ore. 

343. A sample of pure FeSa is analyzed by fusing a 2-gram sample and 
precipitating the sulphur as BaSO^. How large an error in the weight of the 
precipitate must be made to produce an error amounting to 0.1 per cent of 
the apparent amount of S in the mineral? 

344. A soluble sulphate weighing 0.9261 gram is analyzed. The pre- 
cipitate of BaS04 on ignition is found to be 1.3724 grains. On further 
ignition the weight increases to 1.3903 grams due to the fact that the pre- 
cipitate as first weighed had been partly reduced to BaS which on further 
ignition was reoxidized to BaS04. Calculate the true per cent S in the origi- 
nal sample. Calculate the per cent S which was present as sulphide and 
the per cent S present as sulphate, in the first ignition product. 

346. In the J. Lawrence Smith method for potassium using a 0.5-gram 
sample of mineral, the analyst fails to expel all the ammonium chloride 
from the NaCl + KCL The insoluble precipitate with chloroplatiiiic acid 
weighs 0.08921 gram. On ignition the weight is changed to 0.05969 gram. 
What would be the weight if the ignited precipitate were washed with water 
and dried, and what is the percentage of K^O in the mineral? 
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346. la, the, determ,mation of sulphur in pyrite what weight of sample, 
should be taken for analysis so that the weight of the ignited BaS04 preciph, 
tate, multiplied .by 25 gives the percentage of sulphur in the sample? 

347. '\^Tiat weight of limestone should be taken for analysis such that each 
milligram of the strongly ignited calcium oxalate precipitate corresponds to 
0.1 per cent CaO in the sample? 

348. What weight of magnetite must be taken for analysis in order tliat 
after precipitating and igniting all the iron to Fe^Oa the percentage of 
Fe304 in the sample may be found by multiplying the weight in grams of the 
ignited precipitate by 100? 

346. What weight of limestone should be taken for analysis such that the 
per cent 'Ca is 50 times as large as the weight of the ignited calcium oxalate 
precipitate in grams? 

350. What weight of ferric alum should' be taken for analysis such that tlie 
weight in centigrams of BaS04 obtained is equal to one-half the per cent S in 
the sample? 

361. How many grams of BaCOs must be added to 2.40 grams of MgCOa 
so that the mixture will contain the same percentage of CO2 £is CaCOg does? 

362. What weight of impure ferrous ammonium sulpliate should be 
taken for ana, lysis in order that one-third of the weight of the ignited FcijOg in 
iiiiliigrams may represent twice the percentage of FeO in the sample? 

363. What weight in grams of impure ferrous ammonium sulphate should 
be taken for analysis so that the number of centigrams of BaS04 obtained 
will represent five times the percentage of sulphur in the sample? 

364. How many grams of silver chloride will be formed by the addition 
of an excess of silver nitrate to 10.00 c.c. of hydrochloric acid (specific 
gravity 1.160, containing 31.52 per cent HCl by weight)? 

366. Sulphuric acid of specific gravity 1.800 is to be used to precipitate 
the barium as barium sulphate from 1.242 grams of pure BaCl2.2H20. 
Calculate the volume of acid necessary for precipitation. 

366. What volume of sulphuric acid (sp. gr. 1.420) is required tx> displace 
the nitrate radical from the mixture of salts obtained by dissolving 25.00 
grams of brass (68,29 per cent Cu; 31.50 per cent Zn; 0.21 per cent Pb) in 
nitric acid and evaporating to dryness? 

367. A sample of MgCOg contaminated with Si02 weighs 0.50(K) gram, 
and loses 0.1002 gram on ignition. W^hat volume of disod him phosphate 
solution (90 grams Na2HP04.12H20 per liter) will be required to precipi- 
tate the magnesium as MgNH4p04? 

368. How many c.c. of ammonia (specific gravity 0,940) will neutralise 
40.00 c.c. of 112804 solution (spi^cific gravity 1,240)? 

369. How many cubic centimeters of HNOa (specific gravity 1.130 
containing 2177 per cent HNOg by weight) are required to dissolve 5.00 
grauLS of brass contiiining 0 61 per cent Pb, 24.39 per cent Zn and 75.00 per 
cent Cu? Assume reduction of the HNO* to NO by each constituent. 
What fraction of this volume of acid is used for oxidation? 

360. How many c.c, of ammonia (sp. gr. 0.960 containing 9.91 percent of 
NHa by weight) will be required to react with a solution containing 500 
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grams of alum (KAl(S04)2*12H20) and 100 c.c. of HCi (sp. gr, 1.12 coiifain- 
ing 23.82 per cent HCI by weight)? 

361. What volume of HNO5 (sp. gr. 1.050) is required to oxidize iron 
in 1 gram of FeS04.7H20 in the presence of sulphuric acid? (OFeSO^ + 
2HNO,, + 3H2S04-> SFeaCSOds + 2NO + 4H2O.) 

362. A volume of 2.62 c.c. of HNO3 (sp, gr. 1.42) is required to dissolve 
a sample of brass containing 69.27 per cent Cu; 0.05 per cent Pb; 0.07 per 
cent Fe and 30.61 per cent Zn. NO is liberated. 

What was the weight of the brass? How many c.c. of the HNO3 were used 
as an oxidizing agent? 

363. Wliat volume of bromine water (30 grams Br*) per liter) would 
theoretically be required to precipitate the manganese from an acetic iwk] 
solution of its salt, if the resulting precipitate of MnOs gives on igniti(m 
0.1060 gram of MnsO^? (Mn(C2H302)2 + Br2 -f 2li20"->Mn02 + 2HBr + 
2HC2il302.) How many cubic centimeters of sulphurous acid (sp. gr. 
1.028 containing 5.00 per cent SO2 by weight) would have becai required 
to dissolve the M.n02 precipitate (MnOa + H2S03---^ Mn804 + H2O) and what 
weight of IVIn2P207 could have been obtained from the resulting solution ? 

364. Alum, KA1(S04)2.12H20, weighing 0.6000 gram is dissolved in water 
and 10.0 c.c. of hydrochloric acid (sp. gr. 1.12 containing 23.82 per cent liCl 
by weight) are added. It takes 5.11 c.c. of ammonia (containing 28.33 per 
cent NH3 by weight) to neutralize the acid and precipitate the aluminum as 
A1(0H)3. Find the specific gravity of the ammonia, the normality of the 
acid, and the ratio of the base to the acid. 

366. If in the analysis of a brass containing 28 per cent Zn an error is 
made in weighing a 2.5-gram portion by which 0.001 gram too much is 
weighed out, what percentage error in the zinc determination would be 
made? What volume of a solution of di-ammonium phosphate, containing 
90 grams of (Nn4)2HP04 per liter, would be required to precipitate the zinc 
as ZnNH4p04 and what weight of precipitate would be obtained? 

866. How many cubic centimeters of sulphurous acid (sp, gr. 1.04, 

containing 75.0 grams of SO2 per liter) are required to reduce the iron in 
1 gram of ferric alum (KFe(S04)2.12H20)? (Fe2(S04)3 + SO2 + 2H2O 

.2FeS04 +^2H2S04.) 

867. How many cubic centimeters of a solution of pot,assium dichromat(* 
containing 26.30 grams of K2Cr207 per liter must be taken in order to yiekl 
0.6033 gram of (>203 after reduction, precipitation and ignition of the 
chromium? 

368. If nitrogen is reduced to the quadrivalent state, compute the vol- 
ume of fuming nitric acid actually required to oxidize 5.000 grams of 
pyritic ore containing 70.1 per cent FeSg. Neglect the quantity of acid 
required for the remainder of the ore. Assume the acid to be of 1.500 
specific gravity and to contain 94. 1 per cent HNO3 by weight. Compute the 
weight of dry sodium peroxide required to carry out the same oxidation, 
if the peroxide contains 40 per cent of sodium carbonate. 

369. How many cubic centimeters of ammonium hydroxide (sp. gr. 0.946 
containing 13.88 per cent NH* by weight) are required to precipitate the 
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iron as Fe(OH)., from a sample of pure FeSO^.CNHOiiSOi.OlI.O wliieh 
requires 0.34 e.c. of hot HNO3 (sp. gr. 1.350 containing 55.79 per cent HNOa 

by weight) for oxidation? 

370. To a suspension of 0.310 gram of Al(OH)3 in water are added 13.0 e.c. 
of aqueous ammonia (sp. gr. 0.900). How many cubic centimeters of 
sulphuric acid (sp. gr. 1.18) must be added to the mixture in order to bring 
the aluminum into solution? 

371. A sample of ferrous ammonium sulphate is prepared for student 
analysis by intimately mixing pure crystals of FeS04.(NH4)!!S04.6H20 
with an inert substance. Using a 0.7650-gram sample a student correctly 
obtains 0.1263 gram of Fe203. What volume of barium chloride solution 
containing 25.0 grams of BaCl2,2H20 per liter would be necessary to pre- 
cipitate the sulphur from the filtrate? What is the pereentage of inert 
material in the sample? 

372. What volume of 15 N HNO3 would be used in dissolving the (hiaS 
precipitate from a 5-gram sample of steel containing 0.25 per cent Cu if ihti 
precipitate were contaminated with 5 per cent of its w^eight of FeH (assume 
sulphur completely oxidized and the HNOa reduced to NO2)? 

373. A sample of limestone containing 34.75 per cent Ca is given to a 
student for analysis. Using a 1-gram sample the student reports 35.26 per 
cent Ca. If the error was due to insufficient ignition of the calcium 
oxalate precipitate causing contamination of the CaO by CaCOB, what 
was the percentage of CaCOs in the ignited product? What was the 
percentage error? Wdiat volume of sulphuric acid (sp. gr. 1.06 containing 
8.77 per cent H2SO4 by weight) should be added to this product to 
convert all the calcium into CaS04? What would be the new weight of the 
ignited product? 

374. A sample is prepared for student analysis by mixing pure apatite 
(Ca3(P04)2-CaCl2) with an inert material. If one gram of the sample 
gives 0.4013 gram of Mg2p207, how many cubic centimeters of ammonium 
oxalate solution (40 grams of (NH4)2C204.H20 per liter) would be required 
to precipitate the calcium from the same weight of sample? 

375. The arsenic in a 0.5-gram sample of AsSz is oxidized to arsenic 
acidj and is precipitated with a solution of ^‘magnesia mixture’’ (MgOU.- 
2NH4CI). If exactly 12.6 c.c. of the mixture are required, how many 
grams of MgCl2 per liter does the solution contain? (H8ASO4 ■+ MgCb + 
3NH4OH MgNH4As04 + 2 NH 4 Ci + 3H2O.) 

376. What is the least amount of chemically pure AgNOg which will 
precipitate the chlorine in 2 grams of a mixture of 25 per cent NaCi, 65 per 
cent KCi and 10 per cent NH4CL 

377. It is desired to mix CaCOa and MgCOa so that the ignited sample 
shall contain equal percentages of Mg and Ca. Calculate the percentages 
of the two components in the original mixture. 

378. A 1.0045-gram sample mixed to contain only CaCOa and MgCOa is 
strongly ignited. The weight of the ignited product (CaO and MgO) is 
0.5184 gram. Calculate the percentage of Ca and of Mg in the original 
sample and in the ignited sample. 
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. A mixture of NaO, NaBr, aiid Nal weiglis 0.6500 gram. Witli,. 
silver nitrate, a precipitate of the halides of silver is obtained and is found to 
weigh 1,2280 grams. When heated in a current of chlorine gas the precipi- 
tate is converted entirely into AgCl weighing 1.0490 grams. Wliat is the, 
percentage composition of the original sample? 

380. In duplicate analyses of a mixture of anhydrous sodium and potas- 
sium sulphates, the weights of barium sulphate obtained from 0.5000 gram of 
the mixture were 0.7713 and 0.7731 gram. Find the variation in percentage 
of SO4 in the mixture as thus determined, and also the variation in the 
percentage of anhydrous sodium sulphate in the mixture as calculated 
separately from each of the weights of barium sulphate obtained. 

381. A mixture of AgCl and AgBr contains chlorine and bromine in the 
proportion by weight of Cl: Br = 1:2. What is the percentage of silver in 
the mixture? If one gram of the sample were heated in a current of ehlorinej 
thereby converting the AgBr into AgCl, what would be the weight of the 
resulting mixture? 

382. A samj>le of an impure mixture of NaCl, NaBr, and Nal weighing 
1.5000 grams is dissolved in water and the solution is divided into two equal 
portions. One portion gives a precipitate of Pdl2 weighing 0.1103 gram. 
The other portion gives a precipitate of AgCl 4- AgBr + Agl weighing 
1.2312 grams, and when these salts are heated in a current of chlorine they 
are all converted into AgCl weighing 1.0500 grams. What are the per- 
centages of NaCI, NaBr, and Nal in the original sample? 

383. A mixture of silver bromide and silver iodide weighs x gram. After 
heating in a current of chlorine the resulting silver chloride is found to 
weigii y grams. Derive an expression for the percentage of bromine and of 
iodine in the original mixture. 

384. A mixture of silver chloride and silver iodide on being heated 
in a current of chlorine is converted entirely into silver chloride and is found 
to have lost exactly 6 per cent of its weight. AVhat is the percentage of 
chlorine in the original mixture? 

386. In the determination of the atomic weight of phosphorus, if the ratio 

A^3i%i f 0 be 0,77300 and the atomic weights of silver and oxygen are 

known to be 107.88 and 16.00000 respectively, how many significant figures 
may be retained in the atomic weight of phosphorus as determined? 

386, A mixture of BaO and CaO weighing 1.792 grams, when treated with 
sulphuric acid and transformed to mixed sulphates, weighs twice the original 
amount. What is the percentage of BaO in the mixture? 

38T, A 1-gram sample consisting of a mixture of LiCl, KCl, NaCl and 
NH4CI is dissolved in water and the solution is divided into tw^'o equal parts. 
One portion gives a precipitate with chloroplatinic acid which weighs 
0.9500 gram and which loses 35 per cent of its weight on ignition. The 
other portion gives a precipitate with AgNOa weighing 1.2500 grams. What 
is the percentage of each constituent in the mixture? 

388, A mixture of NH4CI and KCl weighs 0.5 gram. With chloroplatinic 
acid a precipitate is obtained which when ignited weighs 1 .8400 grams. What 
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■ is ilw percentage of NH^ in the mixf'nre? If tlie ignited precipitate^ wen'e 
washed with wnter and re-igiiitcd, what would be the weight ol)iained? 

389. In determining the atomic w^eight of aluminum, liiciiards and 
Krepelka prepared pure samples of AlBrs and experimentally detennined 
the weight of silver required to precipitate the halogen. Kc^snlts of four 
experiments were as follows:' 

Wt. AiBnz (in Vacuo) Wt. Ag (in Vacuo) 

Sample 1 ■ 5.03798 6.11324 

Sample 2. 5 . 40576 6 . 55955 

Samples 3.41815 4.14786 

Sample 4 '1.98012 2.40285 

If the atomic weight of silver is 107.88 and that of broniirie is 79.916 
what is the mean value obtained for the atomic tveight of alumiriuoi? 

390. On the, assumption that M 024 O 37 is a mixture of M 0 O 3 and M,Os(}§ 
what per cent of the total Mo is in the trivalent state and what per cent is in 
the quadrivalent state? 

39X. A precipitate of AgCl + AgBr weighs 0.8132 gram. On heating in 
a current of chlorine, the AgBr is converted into AgCl, the mixture losing 
0.1450 gram in weight. What w&s the percentage of chlorine in the original 
precipitate? 

392. A sample of welding compound was analyzed qualitatively and 
found to contain Cl*~, Na'^', F". A quantitative analysis gave 3.27 per 
cent F; 30.34 per cent K; 48.64 per cent Cl; and 17.75 per cent Na. What 
salts wmuld you use and in what proportions would you mix them i,o dupli- 
cate the mixture? 

393. A sample of Epsom Salts is supposedly C.P. MgS 04 - 7 H 2 O. On 
analysis of a sample weighing 0.8000 gram, the magnesium, precipitated 
as MgNH 4 P 04 and ignited to Mg 2 P 207 , was found td weigh 0.3900 gram. 

The sulphate precipitated as BaS04, weighed 0.8179 gram. 

(a) Is the sample chemically pure? 

(h) If not, is the sample contaminated with excess magnesium salt or excess 
sulphate or excess water? 

(c) Is the magnesium equivalent to the sulphate? 

394. Find the percentage composition in terms of the oxides of the 

following: . 

(a) FeS 04 . 7 H 20 . 

{5) K2804.AU(S04)3.24H20. 

(c) 3 Ca 3 (P 04 ) 2 .CaC 03 . 

395. A mineral is found by analysis to contain 50.20 per cent silica, 28.50 
per cent alumina, 10.90 per cent potassium oxide, 4.20 per cent lithium oxide 
and 10.00 per cent fluorine. Compute the empirical formula of the mineral. 
What weight of mineral should be taken for the determination of fluorine as 
CaF 2 such that each milligram of precipitate represents 0.1 percent fluorine 
present? 

396. A sample of a certain hydrogen-potassium-magnesium-aluminum 
silicate weighing 1.2000 grams yields the following products: 0.0516 gram 
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of water, 0 4()0t) gram of KCIO4, 0.9550 gram of Mg.P.Oy, aiHl dim grui 
of alumina. What is the empirical formula of the mineral? ‘ 

397. Crookesite is a mixed selenide of copper, thallium and silver, Show 
that the following percentage composition given by Dana conforms to the 
formula (OuTlAg)2Se. 

Se == 33.28 per cent 
Cu ~ 45.76 per cent 
T1 = 17 . 25 per cent 
Ag = 3.71 per cent 

100.00 per cent, 

398 . Calculate the empirical formula of the compound having the follow- 
ing composition: 

Mg = 21.84 per cent 
F = 27.88 per cent 
O = 50.28 per cent. 

399 . What is the empirical formula of a compound of the followinit 
composition? 

Potassium - 38.68 per cent 
Hydrogen = 0.50 per cent 
Arsenic = 37.08 per cent 
Oxygen = 23 . 74 per cent. 

400. Zircon is a pure silicate of zirconium containing 33.0 per cent of 
silica. What is its empirical formula? 

401. A sample of pure dolomite gives the following analysis: 

CaCOg = 54.27 per cent 
MgCOs = 45 . 73 per cent 


100.00 per cent. 

What is the molal ratio of Ca to Mg? 

402 . Analy.sis of an organic compoimd give.? the following results. Calcu- 
late the empirical formula. 

Carbon = 60 . 86 per cent 

Hydrogen = 4,38 per cent 

Oxygen (by difference) = 34.76 per cent 


100. (X) per cent. 

403, An organic acid is found to have a molecular weight of 
160 and lo give the following analysis: 


approximately 


Carbon = 

Hydrogen 

Oxygen (by difference) = 


57.82 per cent 
3,64 per cent 
38.54 per cent 


^ , 100.00 per cent. 

Calculate the formula of the substance. 
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404. A silicate of the composition given below is found to have 85 per cent 
of its water in the form of water of crystallization- Wliat is the empirical 
formula? 

H2O - 7.7 per cent 

K2O = 28.1 per cent 

CaO = 20.4 per cent 

Si02 = 43.8 per cent 


100.0 per cent. 

405. Calculate the empirical formula of vanadiiiite from the following 
analysis as given by Dana; 


VaOfi = 19. 30 per cent 
PbO - 78.70 per cent 
Cl ™ 2. 50 per cent 

100 . 56 per cent. 

406. CaJansine is a basic zinc silicate of the following coiiiposition. 
Calculate its empirical formula. 

ZnO = 67. 5 per cent 
H-iO = 7. 5 per cent 

8102 = 25.0 per cent 

100.0 per cent. 

407. Calculate the empirical formula of emeralds which have the following 
approximate percentage composition : 

GIO = 14 per cent 
AI2O3 = 19 per cent 
Si02 = 67 per cent 

100 per cent. 

408. What is the empirical formula of a mineral containing 3.37 per cent 
water, 19.10 per cent aluminum oxide, 21.00 per cent calcium oxide, and 
56,53 per cent silica? 

409. Calculate the empirical formula of the compound of the following 

composition: ■ 

Antimony = 49 . 55 per cent 
Oxygen = 6.60 per cent 
Chlorine = 43.85 per cent 


100.00 per cent. 



410. A tungstate gives the following analysis: 

WO 3 = 76.5 per cent 

FeO ~ 9.5 per cent 

MnO ~ 14.0 per cent 



100.0 per cent. 
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If all specimens of this mineral gave approximately these percentages what 
would be the empirical formula? Actually the composition varies, another 
analysis being as follows : 

WO3 ~ 76.4 per cent 
FeO = 18.9 per cent 
MnO = 4.7 per cent 


100.0 per cent. 

What is the general empirical formula? 

411. A manufacturer purchased 130 tons of material at 0.2^ per pound 
per cent A on a guarantee of 10 per cent A. The material was shipped in 
cars and on arrival the manufacturer had it analyzed. The chemist reporte<i 
10.46 per cent A, but neglected to state that he had dried the sample at 
lOO'^C, The manufacturer paid on a 10 per cent basis, figuring he had made 
money. In reality he lost $520. What was the percentage of moisture in 
the material? 

412. From the following data obtained from the analysis of a feldspar, 

\ calculate the percentage composition of the sample and determine the 

empirical formula of the mineral, omitting the calcium from the formula 
and assuming the percentages of silica and alumina to be the most reliable. 
Sample taken = 1.2000 grams 

Silica obtained = 0.7751 gram 

-g Alumina obtained = 0.2255 gram 

Calcium oxide obtained = 0 . 0060 gram 
KCl -f NaCl obtained = 0.3193 gram 
K2FtCl 6 obtained = 0.7240 gram. 

413. In the electrolysis of a sample of brass weighing 0.8000 gram, there 
are obtained 0.0030 gram of Pb02, and a deposit of copper exactly equal in 
weight to the ignited precipitate of Zn2P207 subsequently obtained from the 
solution. What is the percentage composition of the brass? 

414. On the basis of 30 per cent current yield, compute the cost of the 
power required to produce 1 lb. of NaMn04 from a manganese anode and 0.3 
normal Na2C03 solution. E.M.F. = 8 volts. Cost of current = 3^ per kilo- 
watt-hour. 

415* Caustic potash is to be produced by the electrolysis of a solution of 
l>otassium chloride, and a solution containing 100 grams of KOH per liter 
is required. An average current of 900 amperes is used and at the 
end of 5 hours, 102 liters of caustic potash have been produced, a small 
portion of which on analysis is found to be 1.520 normal as an alkali. How 
much longer must the electrolysis be continued in order to produce the 
desired concentration, and what is the current efficiency at the cathode? 

416. A sample of crude copperas (FeS04.7H20) representing a large ship- 
ment was purchased at $0.0125 per lb. An analysis for iron coniemt gave 
20.21 per cent Fe. The shipment was stored for a considerable period 
during which time water of crystallization was lost. To fix the price 
at which the copperas was to be sold it was found that an increase of $0.00023 
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por li>. \^’Ould be riecessary, due eutirely io llie cliangc in ihe penxudngc of 
iron. Gaiciiiate tlie percentage of iron in the sample after st orage. At t rib- 
iite the increase to be due wholly to loss of water, and calculate the percentage 
of water lost. 

417. Ten tons of Na2S03 containing 6.3 per cent moisture were purchased 
at the market price. During storage 10 per cent of the sodium sulphite was 

I oxidized to sodium sulphate. The salt when sold contained 3.2 per cent oi 

its weight of water. The salt w^as sold as C.P. Na2S03 at the same price as ; 

purchased. Calculate the gain or loss in the transaction figuring market 

price as 3.25^ per lb.' I 

418. Which is the more economical oxidizing agent, potassium nitrate "j 

at 65^ per pound or sodium nitrate at 50 per pound? ' 

419. To calibrate a flask to contain a true liter at 20®C., how niucii water 
at 31“C., and 760 mm. pressure must be weighed in air against brass weiglits? 

420. How much water must be weighed into a flask at 22®C., so that ihe | 

flask may be marked to contain 500 c.c. according to the Mohr standard at 

uxi ; 

421. What are the equivalent weights of the following substances when ; 

acting as acids and bases? (Assume complete neutralization) (a) LiOH; t 

: (h) H2SO4; (c) FesOs; (d) HC2H3O2; (e) cream of tartar (KHC4H4O6). : 

422. How many grams of H2SO4 does a liter of tenth normal sulphuric : 

acid solution contain? [ 

423. How many grams of hydrochloric acid gas does a liter of normal 

I hydrochloric acid solution contain? " ' ' ''c| 

I 424. How many cubic centimeters of hydrochloric acid (specific gravity 

L20 containing 39.11 per cent HCl by weight) are required to make a liter 
j of 0.1 N solution? 

425. How many grams of pure crystallized oxalic acid (H2C2O4.2H2O) 
must be dissolved and diluted to exactly one liter to make a N/10 solution 
for use as an acid? 

426. How many grams of pure crystallized potassium tetioxalate 

I (KHC2O4.H2C2O4.2H2O) must be dissolved in water and diluted to exactly 

780 c.c. to make a 0.05 normal solution for use as an acid? 

427. How many cubic centimeters of sulphuric acid (specific gravity 

^ 1.200 containing 27.32 per cent H2SO4 by weight) are required to make on«i 

- liter of 0.5 N solution? 

428. Given: Standard sulphuric acid 0.1072 K 
Standard sodium hydroxide « 0. 1096 N 

Ho’w many cubic centimeters of sodium hydroxide solution are equimlent 
to 26.42 c.c. of the sulphuric acid solution? 

429. Fifty cubic centimeters of 6 N ammonium hydroxide and 50 c.c. of 
6 N hydrochloric acid are mixed. What is the approximate normality of the 
resulting ammonium chloride solution? 

430. How many cubic centimeters of 0.3 N H2SO4 will be required to 
(a) neutralize 30 c.c. of 0.5 N KOH; (5) neutralize 30 c.c. of 0.5 N BaCOH)^; 

(c) neutralize 20 c.c. of a solution containing 10.02 grams of KHCOa per 
100 c.c,; (i) give a precipitate of BaBOi weighing 0.4320 gram? 
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431. What. vuIumoH of N/2 ami N/10 IICl must 1 h‘ mixed to f^ive two filers 
of N/5 acid? 

432. How many cubic centimeters of water must, be adtied to a liter of 
0.1672 normal sulphuric acid to make it exactly 0.1000 N. 

433. What is the normality of a sulphuric acid solution which has a spc^cifie 
gravity of 1.839 and contains 95 per cent H2SO4 by weight? 

434. Nitric acid, 15.8 normal as an acid, has a specific gravity of 1 . 42 . 
Calculate the per cent HNO3 by weight. 

436. Seventy-five cubic centimeters of hydrochloric acid (sp. gr. 1.100 
containing 20.01 per cent hydrochloric acid by weight) have been diluted to 
900 c.c. What is the normality of the acid? 

436. How could a solution of HCl be prepared of such normality that eacdi 
cubic centimeter would represent 0.01 gram of NaNOa when the latter is 
determined by reducing to an ammonium salt, distilling with excess caustic 
alkali and titrating with the standard HCl? 

437. A N75 solution of barium hydroxide is to be prepared from pure 
Ba(0II)2.8H20 crystals which have effloresced slightly. How may the 
solution be made if no standardized reagents are available? 

438. Ten cubic centimeters NaOH =0= 0.0930 gram H2C2O4.2H2O 
One cubic centimeter NaOH =0= 0.850 c.c. HCL 

What is the normality of the HCl solution? 

439. What would be the normality of a solution of (a) HCl; (6) H0SO4, 
if 40.0 c.c. of the acid are required to neutralize 0.500 gram of K2CO3 (95 per 
cent pure) ? 

440. An acid solution is prepared by dissolving 19.264 grams of pure 
KHC2O4.H2C2O4.2H2O in water and diluting to exactly 900 c.c. Fifty c.c. 
of this solution are neutralized by 35.00 c.c. of KOH solution. What is 
the normal value of each solution? 

441. One cubic centimeter NaOH<^ 1.012 c.c. HCL 
HCl is 0.4767 normal. 

One hundred cubic centimeters of the alkali have been diluted to 
500 c.c. with the idea of preparing an exactly N/10 solution. How much too 
large is the volume? 

442. One cubic centimeter NaOH =0: 0.0302 gram H2C204.2Ii20. 

One cubic centimeter HCl =c= 0.1123 gram BaCOs. 

What is the ratio by volume of HCl to NaOH? How much solid NaOH 
must be added to 800 c.c. of the alkali solution so that when the resulting 
solution is diluted to 1000 c.c. it will be half normal? How much w^ater must 
be added to 1000 c.c. of the HCl to make it half normal? 

443. One cubic centimeter NaOH 1.057 c.c. HCL 
The HCl is 0.4872 normal. 

To what volume must 100 c.c. of the alkali be diluted to make it exactly 
half normal? 

444. One cubic centimeter NaOH =c= 1.342 c.c. HCL 
One cubic centimeter HCl =0= 0.0225 gram CaCOg. 

How much water must be added to 1000 c.c. of the sodium hydroxide 
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soiutioE to make it How imich hydrochloric acid (sp. gr.l.l90j con- 

taming 37.23 per cent liCl by weight), must be added to 1000, e.c. 

N 

,(3,f the acid solution to m,ake it ^ ? ' 


445. How many cubic centimeters of ammonium hydroxide (specific 
gravity 0.900) will be required to neutralize 20.00 c.c. of nitric acid (specific 
gravity 1.420)? Calculate the normality of the ammonia solution as a base, 
the normality of the HNO3 as an acid, and as an oxidizing agent. Calculate 
the approximate normality of the ammonium nitrate solution formed. 

440. In preparing an alkaline solution for use in volumetric work, a 
student, because of shortage of chemicals mixed exactly 46.32 grams of 
pure KOH and 27.64 grams of pure KaOH and after dissolving in w'^ater, 
diluted the solution to exactly one liter. How many cubic centimeters 
of 1.022 normal HCl are necessary to neutralize 50.00 c.c. of the basic 
solution? 

447. Pure dry sodium carbonate weighing 0. 1042 gram is dissolved in 50. (K) 
c.c. of 0.1024 N sulphuric acid and the solution heated to boiling to expel the 
carbon dioxide liberated by the reaction. The solution is then titrated with 
0,1120 N sodium hydroxide. What volume of the base is necessary to 
neutralize the solution? 

448. One gram of a mixture of 50 per cent sodium carbonate and 50 per 
cent potassium carbonate is dissolved in water and 17.36 c.c. of 1.075 normal 
acid are added. Is the resulting solution acid or alkaline? How many 
cubic centimeters of 1.075 normal acid or base will have to be added to make 
the solution exactly neutral? 

449. From the following data, calculate the percentage purity of a sample 
of KHSO4: 

1 c.c. HCl ^ 1.206 c.c. NaOH 
1 c.c. HCl =0= 0.02198 gram NauCOs 
Sample == 1.2118 grams 
HCl used = 1.53 c.c. 

NaOH used = 26.28 c.c.' 

450. A sample of Rochelle Salt (KNaC4H406.4H20) after ignilion in 
platinum to convert it to the double carbonate, is titrated ■with sulphuric 
acid using methyl orange as an indicator. Fronoi the following data calculate 
the percentage purity of the sample. 



Wt. sample = 0.9500 gram 
H2SO4 used = 43.65 c.c. 
NaOH used = 1.72 c.c. 

1 c.c. H2SO4- 1.064 c.c. NaOH 
NaOH « 0.1321 N. 


451. A solution of hydrochloric acid of unknown strength is standardized 
against jiure crystallized borax Na2B4O7.10H2O using methyl orange as an 
indicater. From the following data, calculate the normality of the hydm- 
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chloric acid. Calculate the value of 1 c.c, of the sodium hydroxide solutiori 
in terms of pure crystallized borax. 

Weight of borax = 0.5673 gram 

HCl used = 47.26 c.c. 

NaOH used = 1.20 c.c. 

Ic.c. NaOH = 1.200 c.c. HCL 





452. In the standardization of an acid it was titrated against 1.000 gram of 

calcium carbonate (98.56 per cent pure). If 46.86 c.c. of HCl were adcledj 
the standard dissolved, and the excess acid titrated with 5.21 c.c. of NaOH 
solution, ■ 

1 c.c. NaOH =0= 0.7896 c.c. HCl, 

calculate the weight of crude pearl ash to be taken for analysis so that each 
c.c. of this HCl will represent 2 per cent K2O. 

453. One and five-tenths grams of crude K2CO5 are taken for analysis. 
What must be the strength of the HCl used in order that the burette reading 
shall indicate twice the percentage of K2CO3 in the sample? 

464, A 500 c.c. graduated flask contains 150 c.c. of 0.2 N sulphuric acid. 
By adding more concentrated sulphuric acid the solution is brought up to 
the mark and after mixing is found to be exactly 0.3 N. Wdiat w^as the 
normality of the acid added? (Assume no change in volume due to chemical 
or heat effect.) 

466. What would be the approximate normality of an acid solution made 
by mixing the following amounts of HCl solutions? 

160 c.c. of 0.3050 N solution 
300 c.c. of 0.4163 N solution 
175 c.c. of 0.5020 N solution 
250 c.c. of 0.2000 N solution. 


466. What is the normality of an alkali solution made by mixing 50 c.c, 
of a solution containing 5 grams of NaOH with 50 c.c. of a solution contain- 
ing 5 grams of KOH and diluting with water to 250 c.c.? 

467. A sample of quicklime is to be analyzed for CaO and CaCOg by 
titrating with 0.1242 normal HCL It is desired to start with a 10-gram 
sample, mix with water, dilute and take aliquot portions of such size (a) 
that when titrated with HCl (using phenolphthalein as an indicator, in which 
case the Ca(OH)2 only is neutralized) the number of cubic centimeters shall 
represent directly the percentage of CaO; (6) that when titrated by adding 
an excess of HCl, heating and titrating back wdth NaOH of the saiiic nor- 
mality as the HCl, the net number of cubic centimeters of HCl used shall 
represent directly the percentage of total calcium in terms of CaO. What 
portions should be taken? 

468. Calculate the grams of NaOH and the grams of Na-iCOs present, in 
a mixture, which on analysis gives the following data: Sample = 4.000 
grams. The sample is dissolved in water, the solution diluted to 250 c.c., 
and 25.00 c.c. are taken for analysis. An end-point with phenolphthalein 
in cold solution is obtained with 44.52 c.c. of N/5 HCL A new portion of 
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tlie same volume. requires 46.53 c.c. of N/5 HCIfor an end-point with methyl 
orange. 

469. A mixture of soda ash and caustic soda w^eighs 0.75CK) gram. Dis- 
solved ill water, pheiiolphthalein added, and titrated cold with half noriiial 
IlCl, the color disappears when 21.00 c.c. have been added. Methyl 
orange is then added and the titration continued until the pink color appears. 
This requires 5.00 c.c. of acid in addition. Calculate the percentage of 
NaOH and of Na 2 C 03 in the sample. 

460. A mixture of sodium carbonate, sodium bicarbonate, and inert 
material weighs 1.0000 gram and with phenolphthalein requires 13.30 c.c. 
of N/2 acid to produce the color change in cold solution. With nielhyl 
orange, the same weight of sample requires 31.40 c.c. of the acid. What is 
the percentage of impurity in the sample? 

461. A one-gram sample containing a mixture of sodium carbonate, 
sodium bicarbonate and inert impurity is titrated with N/2 HCi. Witli 
phenolphthalein, a total of 10 c.c. is required; with methyl orange a total of 
25 c.c. is required. Find the per cent Na 2 C 03 and the per cent NallCOs. 

462. The qualitative analysis of a powder shows the presence of soditnn, 
a carbonate and a little chloride. Titrated with methyl orange as an 
indicator, 0.8000 gram of the powder reacts with 25.10 c.c. of half iionnal 
HCI and the same weight reacts with 18.45 c.c. of the acid with phenolph- 
thalein in the cold solution. Compute the percentage composition of the 
original powder. 

463. A substance reacts alkaline in aqueous solution, and the alkalinity 
is due to either NaaCOa and NaOH, or to NagCOa and NaHCOg. Compute 
the percentage of each alkaline constituent from the following data: 

1.160 grams of powder react with 26.27 c.c. of 0.3333 normal HCI when 
phenolphthalein is the indicator (in a cold solution) and with 59. 17 c.c. when 
methyl orange is the indicator. 

464. A solution containing one gram of sodium carbonate is titrated with 
N/2 HCI and a solution containing one gram of phosphoric acid is titrated 
with N/2 NaOH. With methyl orange as an indicator, how many ctibic 
centimeters would be required in each case? With phenolphthalein as an 

■■■ indicator?'.. .■ ^ :■ , 

466. A mixture of Na2HP04 and NaH 3 F 04 containing inactive impurity 
is analysed with the following results: One and two-tentlis grams of the 
powder react with 6.00 c.c, of N/2 HCI with methyl orange as the indicator. 
The same weight of powder reacts with 12,00 c.c of N /2 NaOH when plumol- 
phthalein is the indicator. Calculate the per cent NaHsPOi and the per 
cent NaallPOi in the powder. 

466. A mixture of pure sodium carbonate and pure barium carlxmate 
weighing 0.2000 gram requires 30.00 c.c. of N/10 acid for complete neutrali- 
zation. What is the percentage of each constituent in the mixture? 

467. A sample supposed to be pure calcium carbonate is used to standard- 
ize a solution of HCL The substance really was a mixture of MgCCg and 
BaCOa but the standardization was correct in spite of the erroneous assiimp- 
tion. Find the per cent MgO in the ori^nal powder. 
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468. A mixture of BaCOs and CaCOa weighs 0.5000 gram. The mixture 
is titrated with HCl, requiring 12.9 c.c. From, the following data calculate, 
the percentage of barium in the mixture: 


30.4 c.c. HCl <!= 45.6 c.c. NaOH. 







t , ’■ 




1 c.c. of NaOH will neutralize that weight of NaHC 204 which requires 
6.67 c.c. of N/10 KMn 04 for its oxidation. 

469. A solution of nitric acid is 3 N as an acid. How many cubic centi- 
meters of water must be added to 500 c.c. of the acid to make it 3 N as an 
oxidizing agent? 

470. How many cubic centimeters of 6 N HNO3 'would be necessary I 0 
dissolve 9.00 grams of copper? 

471. In the analysis of chrome iron ore, chromium is oxidized by fusion 
to chromale and determined by titration with ferrous ammonium sulphate. 
What is the equivalent weight in terms of (a) Cr 203 ; (6) Cr? 

472. Titanium may, be determined by reduction to TiCh and subsc^quent 
oxidation to TiCh. What is the equivalent weight in terms of (a) TiO^; 
(h) Ti; (c) TiCh? 

473. Barium peroxide may be determined by adding water and acid to 
a sample of the solid and titrating the liberated hydrogen peroxide with 
permanganate. What is the equivalent weight in terms of (a) BaOa; 
(6) H 2 O 2 ; (c) BaO? 

474. How many cubic centimeters of N HCl will be required to dissolve 
1 gram of iron out of contact with air, and how many cubic centimeters of 
N K 2 Cr 207 will be reduced by the resulting acidified solution? 

476. One cubic centimeter of a thiosulphate solution is equivalent to 
0.005642 gram of copper. Calculate the value of one cubic centimeter of 
the solution as a reducing agent in terms of (a) Sb; ( 6 ) As; (c) AS 2 S 3 ; (d) 
Sb 203 . 

476. KHC2O4.H2C2O4.2H2O and Na2C204 are to be mixed in the proper 
proportion so that the normality of a solution of the mixture as a reducing 
agent will be 1 . 15 ti rnes the normality as an acid . Calculate the proportion. 

477. Calculate the normality as an acid and as a reducing agent of a 
solution made by dissolving a mixture of 20 grams of H 2 C 2 O 4 . 2 H 20 , 10 grams 
of IVHC 2 O 4 and 15 grams of KHC 2 O 4 .H 2 C 2 O 4 . 2 H 2 O in water and diluting 
to exactly 1,000 c.c. 

478. A sample of soda ash is given to a student for analysis. He usc^s 
a 0.9000 gram sample and titrates with 0.3 N HCl, passing the end point 
and running back with exactly 8 c.c. of 0.3 N NaOH. His NaOH burette 
is accurately graduated, but the bore of the other burette, although uniform 
throughout its entire length, is not of correct size to agree with the gradua- 
tions. Not knowing this, the student calculates the analysis and reports 
64.50 per cent Na 2 C 03 . If he had used the accurate burette for HCl and the 
other burette for NaOH, he would have reported 66.33 per cent. What was 
the true per cent Na 2 C 03 in the sample? 

479. What volume of HCl solution is required to dissolve 1 gram of pure 
iron out of coiitact with the air, if 3.00 c.c. of Ihe a(*i<l will neutralize that 
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vf)IuTtK‘ of KOH solution wliicli will reaot with 6.00 e.f;. of ti |:)ot.5i.ssiiiiii jieid 
oxalate solution wMeli is 2 normal as a reducing agent? 

480. How much water must be added to 50 c.c. of a 'solution of nitric acid 
which is 2 N as an. acid to make the resulting solution 2 N as an, oxidizing 
agent. Assume reduction of the HNO3 to NO? 

4Si, From the following data compute the weight of iron ore to be taken 
for , analysis such that the. per cent Fe^Os present. is numerically equal to 
twice the number of c.c. of K2Cr207 used in the titration. 

40 c.c. II Cl solution =c= 2.880 grams of AgCl. 

35 c.c. of HCl solution are equivalent to 40 c.c. of KHC204.H2C204Sohition.. 

35 c.c. of tetroxalate solution are equivalent to 40 c.c. of K-iCraO? solution. 

482. Twenty-five cubic centimeters of HCl when standardiztHi gravi- 
inetrically yield a precipitate of AgCl weighing 0.5465 gram. 21.30 of 
the HCl exactly react with 27.22 c.c. of NaOH solution. 20.24 c.c. of llui 
NaOII exactly react with 30.17 c.c. of KHC2O4.H2C2O4.2n2O sf)hiticm. 
How much water must be added to a liter of the oxalate solution to nmkv it 
exactly 0.02500 normal as a reducing agent? 

483. A mixture of 20 c.c. nitric acid (12 normal as an oxidizing agent) 
and 15 c.c. sulphuric acid (sp. gr. 1.840) is diluted and partially neutralized 
by the addition of 25 grams of sodium hydroxide (95 per cent KaOH, 
4 per cent Na2C03, and 1 per cent HgO) and finally completely neutralized 
by the addition of sodium hydroxide solution, 1 c.c. of which is equal to 
1.074 c.c. of KHC2O4.H2C2O4.2H2O which is N/10 as a reducing agent. 
Calculate the c.c. of NaOH used. 

484. A certain volume of a reagent will oxidize that amount of iron wTiich 
will just dissolve in the same volume of a 3 normal non-oxidizing acid . “i^Tat 
is the normality of the oxidizing agent? 

485. The ** saponification number’’ of a fat or oil is defined as the number 
of milligrams of potassium hydroxide required to saponify one gram of the 
fat or oil. To a sample of butter weighing 2,010 grams are added 25,00 c.c. 
of 0 4900 N KOH sohition. After saponification is complete, 8.13 c.c, of 
0.5000 N HCl solution are found to be required to neutralize the excess alkali. 
What is the ^'saponification number” of the butter? 

486. One gram of a sample of an ammonium salt is treated witli an excess 
of strong sodium hydroxide and distilled, nie distillate is absorbinl in 
50 c.c, of 1.072 N hydrochloric acid and the excess acid is titrated with 
32.67 c.c. of 1.084 N sodium hydroxide solution. Calculate the percentage 
of NHs in the original sample. 

487. From the following relationships, compute the normal eoncentration 
of each reagent and the weight of silver alloy containing 90 per cent silver 
which will react with 60 c.c, of the potassium thiocyanate solution: 

Thirty cubic centimeters HCl =c= 0.7950 gram of pure sodium carbonate 
(methyl orange m indicator). 

Thirty cubic centimeters HCl react with the same quantity of sodium 
hydroxide solution that reacts with 40 c.c. of potassium tetroxalate sohition. 

Twenty cubic centimeters of the tetroxalate solution react with 90 c.c. of 
KMnOi solution. 
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I : Tw’eiitiy-seven cubic ceiitioieters of KMn 04 solution, react witii an exet:*ss 
of KI and furnish enough iodine to react with 36 c.c. of Na 2 S 203 solution. 

In terms of a normal solution the thiocyanate is found to be half as 
strong as the thiosulphate solution. 

} 488. If 1.765 grams of pure K4Fe(CN)G.3H20 are dissolved in water and 

s diluted to 500 c.c., calculate the normality of the solution with reference to 

[ K and to CN as precipitating agents. Calculate the normality of the solu- 

\ tipn as a reducing agent. 

489j Given the following data: 

(; 35.27 c.c. I 2 solution = 0 = 0.02991 gram AS 2 O 3 . 

i; 30.00 c.c. I 2 solution = 0 = 45.03 c.c. Na 2 S 203 solution. 

I 25.82 c.c, Na2S20.i will reduce the iodine liberated from an excess of K1 by 

i 31.05 c.c. KMn 04 solution. 

I 15.42 c.c. KMn04 16,07 c.c. KHC2O4.H2C2O4.2H2O solution. 

I 1 c.c. KHC2O4.H2C2O4.2H2O solution =0= 1.074 c. ^ NaOH solution, 

i 10 c.c. NaOH solution =0= 12 c.c. HCl solution. 

I How many grams of CaCOs will be reacted upon by 29.83 c.c. of this HCl 

* solution? 

490, What is the relation of each of the following solutions to the normal 
I- solution? 

(a) Na 2 S 203 : 1 c.c. =0=0.002924 gfam KIO 3 . 

(b) KMn 04 (in presence of acid): 1 c.c. = 0 = 0.009292 gram KHC2O4. 

(c) KMn 04 (same solution as above used in alkaline or neutral solution). 

(d) AS 2 O 3 (as an acid): 1 c.c. =0=0.01924 gram Na 2 C 03 . 

(e) AS 2 O 3 (as a reducing agent): 1 c.c.=o= 0.002492 gram K 2 Cr 207 . 
if) AS 2 O 3 (as a reducing agent) : 1 c.c. contains 0.001426 gram AS 2 O 3 , 
ig) As-jOs (as a reducing agent) : 1 c.c. =c= 0.002422 gram KHC 204 * 
H2C2O4.2H2O. 

491. A student standardized a solution of KOH and one of KMnOi 
against the same salt (KHC2O4.H2C2O4.2H2O). The normality of the 
former was found to be 0.09963 as a base and of the latter to be 0,1328 as an 
oxidizing agent. By coincidence exactly 50 c.c. of solution were used in 
each standardization. Calculate the ratio of the weight of tetroxalate used 
in the first case to that used in the second case. 

492. A powder is composed of oxalic acid (H 2 C 2 O 4 . 2 H 2 O), potassium 
binoxalate (KHC 204 ,.H 20 ), and an inert impurity. Find the per cent of 
each constituent from the following: 

One and two-tenths grams of the powder react with 37.80 c.c, of 0.2500 
normal NaOH solution; 0.4000 gram of powder reacts with 43.10 c.c. of 
0.1250 normal permanganate solution. 

493. A solution of dichromate is prepared by dissolving 4.883 grams of 
pure K 2 Cr 207 and diluting to exactly one liter; a solution of ferrous salt is 
prepared by dissolving 39.46 grains of FeS 04 .(NH 4 ) 2 S 04 . 6 H 20 and diluting 
to one liter. What volume of the dichromate solution must be transferred 
to the ferrous solution and thoroughly mixed so that the normality of one 
solution as a reducing agent shall be the same as the normality of the other 
as an oxidizing agent? 



MISCELLANEOUS PROBLEMS 


163 


494, It requires 15.27 c.c. of SuCl^ solution to reduce an amount of iron 
which can be oxidized by 16.27 c.c. of permanganate solution. This volume 
of the permanganate will also oxidize that amount of KHC 2 O 4 .H 2 C 2 O 4 * 
2 H 2 O solution which reacts with 16.24 c.c. of 0.1072 N NaOH. Calculate 
the normal value of the SnCh solution. 

495* What weight of pyroiusite containing 75 per cent Mn 02 will oxidize 
the same amount of oxalic acid as 35 c.c. of a KMn 04 solution of which 1 c.c, 
will liberate 0.0175 gram of iodine from an excess of potassium iodide? 

495. Calculate the percentage of iron in a sample of crude ferric chloride 
weighing one gram if the iodine liberated by its action on an excess of. potas- 
slum iodide is reduced by the addition of 50 c.c. of Na 2 S 203 solution and the 
excess thiosulphate is titrated with standard iodine, requiring 7.85 c.c. 

45 c.c. iodine = 0 = 45.95 c.c. thiosulphate. 

45 c.c. arsenite solution = 0 : 45.20 c.c. iodine. 

1 c.c. arsenite solution =c= 0.00516 gram x\s 203 , 

497. From the following data calculate the percentage of iron in a sample 
of limonite : 

1 c.c. K2Cr207 =c= 0.006299 gram Fe, 

Dichromate solution used = 47.56 c.c. 

Ferrous solution used = 2.85 c.c. 

Sample taken for analysis == 0.6170 gram, 

1 c.c. ferrous solution ^ 1.021 c.c. K-iCr-^Oy. 

498. What is the normality of a nitric acid solution to be used as an 
oxidizing agent if it contains 55,79 per cent HNO 3 by weight and has a 
specific gravity of 1.350? 

499. Pure K 2 Cr 207 , weighing 0.3321 gram, was boiled with an excess of 
strong HCl. The evolved chlorine was passed into a solution of El, and l 2 
liberated was titrated with 68.21 c.c. of NaaSaOs solution. Calculate the 
normality of the Na 2 S 203 solution. 

500. A solution of ferrous sulphate is standardized against a solution of 
potassium permanganate which has been previously standardized against 
iron wire (99.85 per cent pure). 

1 c.c. KMn 04 0.005972 gram Fe. 

1 c.c. KMnO 4 = 0 = 1.124 c.c. FeSO^ solution. 


Some time later the ferrous sulphate solution was standardized against a 
solution of potassium dichromate which had been standardized against 
similar iron wire. 


1 c.c. K 2 Cr 207 =< 5 = 0.005868 gram Fc. 

1 c.c. K 2 Cr 207 =^ 1.122 c.c. FeS 04 solution. 

Assuming the normalities of KMn 04 and K 2 Cr 207 solutions to be constant, 
calculate the percentage of Fe in the ferrous sulphate solution which had 
oxidized on standing, 

501. An oleum contains only 112804 , SO*, and SO 2 . The H 2 SO 4 and BO 5 
are found to be present in equal parts by weight. When a sample of the 
oleum is titrated with NaOH (phenolphthalein as indicator) the volume of 
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alkali required is found to be 50 times the volume of iodine of the same 
normality required to titrate the SOa in the same weight of sample. Calcu- 
late the percentage composition of the oelum. 

502. A sample of fuming sulphuric acid contains only H2S04, SO2, and 
HO 3. A sample weighing 3 2030 grams is dissolved in water and requires 
5.00 c.c. of N/5 iodine solution to oxidize the SO2. Another sample weigh- 
ing 4.0301 grams is titrated with N/2 alkali with phenolphthalein as an 
indicator and requires 172.5 c.c. What is the percentage composition of 
the acid and what volume of alkali would have been used with methyl 
orange as the indicator? 

603. What vreight of CUSO4.5H2O must be dissolved in water so that 
after complete deposition of the copper by electrolysis, a solution will be 
obtained which is equivalent to 100 c c. of N/10 acid? 

604. A sample of pyrolusite weighs 0.2400 gram and is 92.50 per cent pure 
Mn02. The iodine liberated from KI by the manganese dioxide is sufficient 
io react with 46.25 c.c. of Na2S203 solution. What is the normality of the 
thiosulphate solution? 

606. Molybdic oxide when reduced under certain conditions goes to a form 
represented by the formula M024O37. This oxide can be oxidized to MoO,j 
by permanganate in acid solution. Calculate the volume of 0.1068 N 
KMnOi required to oxidize 1 gram of M0O3 after reduction. 

606. A sample of red lead is analyzed indirectly by means of N/5 KMn04 
after reduction of the PbOa by 50.00 c.c. of N/5 H2C2O4 solution. If t C.C4 
of KMn04 are used and the sample weighed a grams, derive an expression 
showing the method of calculating the per cent Pb304 in the sample. 
Assume red lead to be 2Pb0,Pb02 (PbOg -f H2G204 -^PbO 4* H2O 4- 



2CO2). 

607. The Zimmermann-Reinhardt determination of total iron in 1.500 
grams of mineral requires 27.30 c.c. of permanganate of which 1 c.c. 
0.01600 gram of hydrated potassium tetroxalate. Titration of ferrous 
iron alone by Cooke’s method, requires the use of 22.00 c.c. of N/10 per- 
manganate for the same weight of sample. If the latter method gives 
results which are 2 i.)er cent too low (t.e., 2 per cent of the correct value), 
what is the percentage of ferric iron in the sample? 

508, In tlae analysis of 0.8000 gram of a substance for sulphur by the 
barium chromate method, 25,00 c.c. of N/9 sodium thiosulphate solution 
were used. Compute the per cent sulphur. 

609. If 0.800 gram of a lead ore yields a precipitate of chromate wdiich 
contains chromium sufficient to yield on treatment with an excess of KI in 
acid solution an amount of iodine to react wdth 48.0 c.c. of N/10 thiosulphate 
solution, find the per cent Pb in the ore. 

610. What weight of zine ore should be taken for analysis such that the 
number of cubic centimeters of tenth molal ferrocyanide solution used will 
equal the per cent Zn in the ore? 

611. One gram of an oxide of iron is fused with KIISO4 and the fusion is 
dissolved in acid. The iron is reduced with stannous chloride, mercuric 
chloride is added, and the iron titrated with N/10 dichromate solution. 
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If '12.94 c.c. were used, wliat is the formtila 'of- tlj'c f.)xkie"™-Fei), F<>/3;5, or. 
FesO/?' 

512. A 1-gram sample of limonite coiitainirig inactive impiirU ies is (lin- 
solved in acid, and the solution is divided into two equal portions. t>ne 
portion is reduced and titrated with KMn04 (of which 1 c.c. =o= 0 DOS 193 
gram H2C2O4.2H2O). The other portion is just neutralized, and 40 c.c. 
of 1.5 N ammonia are added to precipitate the iron. This is in exc(\ss of 
the necessary amount, and the number of c.c. in excess is equal to the number 
of c.c. of KMn04 required in the volumetric process. What is the per cent 
Fe in the sample? 

513. Ten cubic centimeters of ammonium hydroxide (sp. gr. 0,96) are 
diluted to exactly 100 c.c. in a calibrated flask and ten cubic centimeters 
withdrawn in a pipette, made acid with hydrochloric acid, and jiti excess of 
chloroplatinic acid is added. After evaporation and dilution with alcohol, 
the precipitate is dried and found to weigh 1.240 grams. Calculate the 
percentage of NHg by weight in the original ammonia sample. 

514. With a 0.5000 gram sample of pure NaKCaBiaOe what W’ould 
bo the financial saving of the perchloric acid method over the cliloropla tinic 
acid method with 3 normal perchloric acid at 118 per liter and platiiium 
at $6 per gram. Assume these reagents to be added in sufficient amount to 
react with both the sodium and potassium in the sample, and that SO per cent 
of the platinum is recovered. Neglect all other costs. 

515* In the analysis of sulphite liquor containing free suiphurous acid 
and calcium and magnesium sulphites, a sample weigliing 1.028 gram requires 
20.00 c.c. of NaOH solution for neutralization using phenolphthaiein as an 
indicator. (30.00 c.c. of the NaOH will neutralize that weight of potassium 
acid oxalate which requires for oxidation 10.00 c.c. of permanganate contain- 
ing 6.322 grams of KMn04 per liter.) At this point starch is added and the 
solution then requires 14.00 c.c. of iodine for a blue coloration. (1 c.c. of 
iodine is equivalent to 2 c.c. of a thiosulphate solution of w’hich 4.00 c.c. will 
reduce the iodine liberated from KI by 1.00 c.c. of the above permanganate 
solution.) (a) Calculate the percentage ‘of 'Tree '’862 (t.c. in the form of 
H2SO3). (5) Calculate the percentage of ‘combined'’ B02 (t.c. in the form 

of calcium and magnesium salts), (c) Bhow by equations why the pink 
color produced at the first end-point disappears at the beginning of the 
second titration. 

516. Find the percentage of Pb;s04 in a sample of red lead which has been 
adulterated with PhO. Two and five-tenths grams of the pigment aiialyze<l 
by the method of Lux is treated with 50 c.c. of potassium tetroxaiate solution 
wdiich is 0. 1500 normal as an acid, and the excess of the latter re<iiiircH 30.00 
c.c. of permanganate of which each cubic centimeter is equivalent, to 0.005584 
gram of iron. 

§17. A sample of limestone contains only silica, ferrous carbonate, calcium 
carbonate, and magnesium carbonate. From a sample weighing 1.200 grams 
there were obtained 0.0400 gram of ignited ferric oxide, 0.500 gram of CO2 
and 0.500 gram of magnesium pyrophosphate. Find the volume of half 
normal ammonium oxalate solution to precipitate the calcium Jis oxai.^ic. 
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: 518. Calculate the per cent phosphorus in a steel from, thiv iolltnc 
data:.' ^ ■ , 

■ Two grams of steel furnished' a, yellow precipitate which was dissolved 
in 20,00 c.c. of half normal sodium hydroxide solution and the excess of the 
latter reacted with 27.00 c.c. of third normal nitric acid. 

519. A sample of magnesia limestone has the following composition: 

Silica = 3.00 per cent 

Ferric Oxide and Alumina = 0.20 per cent 
Calcium Oxide = 33. 10 per cent 

Magnesium Oxide = 20.70 per cent 

Carbon Dioxide = 43 . 00 per cent. 

In manufacturing lime from the above, the carbon dioxide is reduced 
to 3.00 per cent. How many c.c. of normal KMn04 will be required to 
determine the calcium volumetrically in a one-gram sample of the Unief 

620. To 5 c.c. of a solution of a mixture of NaaS and NailS (sp, gr. 1.032) 
is added a standard solution of HCL The liberated B.S is determined by 
adding excess iodine solution and titrating back with thiosulphate, and the 
resulting acidity is determined with NaOH. From the following data 
calculate the per cent Na2S and the per cent NallS in the sample: 

1 c.c. HCl=o= 0.006005 gram GaCOa 
12 C.C. NaOH =0=10 c.c. HCl 

1 c.c. I2=c= 0.00601 gram Sb 
10 c.c. Na2S203 12 c.c. I2 

HCl used =10.8 c.c. 

NaOH used =15.0 c.c. 

I2 used =28,0 c.c. 

Na2S203 used = 15.0 c.c. 

621. A solution which may contain Na2S, NaHS, H2S or mixtures of these 
is acidified and requires 20 c.c. of N/ 10 iodine solution for titration. The gain 
in acidity caused by the titration is equivalent to 10 c.c. of NaOH (1 c.c.=c= 
0.006303 gram H2C2O4.2H2O). What does the solution contain? If 20 c.c. 
of iodine had been required and the gain in acidity had been represented by 
17 c.c. of NaOH, what would the solution have contained? 

622. A solution of a mixture of HaS and NaHS is acidified with A c.c. of 
0*1 N HCl and the total H2S then present is determined by adding B c.c. of 
0.1 N I2 and titrating back with C c.c. of 0.1 N NaaSaOa. The acidity at the 
end of the titration is measured by D c.c. of 0.1 N NaOH. Show that the 
number of grams of HaS present in the original solution is given by the 
formula: 

[C + 2D - (B + 2A)] 0.001704 

623. A nickel ore was analyzed by the volumetric method. The nickel 
solution was treated with 5 c.c. of KI solution (2.00 grams per liter) and 
exactly 0.50 c.c. of AgNOs solution containing 0,0125 gram of AgNOs per c.c. 

. The solution then reacted with 48.00 c.c. of KCN solution containing 0.0140 
gram of KCN per c.c. What was the per cent Ni in the ore if the sample 
taken weighed 0*900 gram? 
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, of dolomite slioiild be taken for analysis such that ilie 
number of cubic centimeters of niiitli nornml 

ith the calcium oxalate precipitate ? 

. solution of chromium acetate to contain 
cent Gr203 by weight for use as a mordant. A batch of the inaterkl 
made UP to the approximate concentration and is found to have a specific 
^5. A 2 c.c. sample is taken and the chromium is oxidized to 
To one-half the solution are added 50 c.c. of ferrous 


. 624. .What weight 
per .cent .CaO is the same.as the 
permanganate required to react wi 
. 526. It is desired to' prepare a 
8.00 per, 
is.' 

gravity of 1.195. 

Sk.rSd the excess feirous iioa requires exactly c.c. 

ntmaTSnO. for oxidation (26 c.c. FeSO. solution^21.73 c.c. KMnO. 

solution). How many pounds of water must be evaporated from one .on 

nf the liaiior to give the desired concentration? 

of Btibnite weighs 0.5000 gram. The percentage o bb as 

found by titration with N/10 iodine w!>8 30.00 per cent. If Ihe h - 
reading as recorded was 0.45 c.c. too large, what wsis the true percentage an 

what was the percentage error? ■ . i n n7>? nor rent snlnhur 

627 A sample of steel contains approximately 0.076 per ouit suipiiui. 

Using a 6-gram sample and determining the per cent S m an analysis im oK- 
equations, calculate the strength of iodine to be used so 1h t 
an error of 0.20 c.c. in the titration shall represent an actual error of only 

0.001 per cent in the reported percentage of sulphur.^ 

MnS + 2HC1 MnCh 4- H2S ^ . 

CdCia + H2S 4- 2NH4OH CdS 4 2H2O 4* 2 >*114 4 
CdS 4 2HC1 H2S 4* GdCU 
H2S 4 I2 2HI 4 B. 

628. In the evolution method for sulphur, what of steel wil ,t be 

necessary to take for analysis so that the number of c.c. of A/20 iodine 

solution may represent the percentage of sulphur f i^otassium 

R?2q Prom the following data compute the norma 1 y I ^ • 

»W.., vlu. i. te™ Of 

methods of analysis; c. ^ 

20,c.c. KMn04= 45 c.c. NaiSiOj. 

20 c.c. NaiSaOs =0= 15 c.c. Iodine. ^ 

1 c c Iodine =0= 0.00056 gram Sulphur. 

630. In the determination of sulphur by the evolution method, a note- 

book contains the following data: 

Wt. sample = 5.0275 grams. 

Iodine used « 16. 59 c.c. 

NaAOs used « 12.68 C.C. 

1 c.c, iodine =<> 1.080 c.c. NaaSgOg. 

1 e.c. Na^SsOs =0= 0.005044 gram Cm 


s analyzed for chromium. A certain 
s added, and the excess is titrated with 
c.c. If the sample contained 0.50 per 
added. 
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632. Giveii 0.0800 normal KMn04 and 0.0900 normal ferrous solution, 
wiiat weight of steel should be taken for analysis by the Barba method 
such that the c.c. of KMnOi equivalent to the ferrous solution used minus 
the c.c, of KMn04 used gives 5 times the per cent Or? 

633. A sample of titanium ore is treated in such a way that all the iron is 
present in the bivalent condition and all the titanium in the tri valent 
condition. The solution is then titrated with ferric alum solution of which 
60 c.c. yield 0,4000 gram of Fe208. If the original sample weighed 0.6000 
gram and 15.00 c.c. of ferric alum solution were used, find the per cent TiO® 
in the ore. 

634. An oxide of Mn weighing 0.4580 gram is treated with dilute H2SO4 
and 60 c.c. of tenth normal ferrous ammonium sulphate solution. After 
the reduction of the manganese to the manganous condition is complete, 
the excess of ferrous solution reacts with 30 c.c. of 0.03333 normal KMn 04 . 
Find the symbol of the original oxide of Mn. 

636. Given the following data in the analysis of pyrolusite by the iodi- 
metric process, find the volume of disodium phosphate solution (90 grams of 
Na2HP04.12H20 per liter) which would be necessary to precipitate the 
Mn as MnNH4P04 from 0.5000 gram of the sample. 

Weight of sample = 1 gram. 

Na2S203 solution =40.4 c.c. 

The thiosulphate solution is equivalent in reducing power to a stannous 
chloride solution which contains 29.75 grams of tin per liter. 

536. From the following data compute the per cent Cr in a sample of steel. 
Weight of sample = 1.850 grams. After oxidation with KMn04 and 
removal of the excess reagent, 150 c.c. of 0.0800 normal ferrous solution are 
added and the solution then reacts with 14.00 c.c. of 0.0900 normal KMn04. 

637. Find the value of 1 c.c. of twelfth normal KMn04 in terms of Mn 
by the (a) Volhard method, (6).Bismuthate method, (c) Williams method. 

638. A sample of steel weighing 1.880 grams contains 0.596 per cent 
manganese, and 9.49 c.c. of permanganate solution (1 c.c. 0.007188 
gram sodium oxalate) are equivalent to the manganese. What method was 
used for the determination (Volhard? Bismuthate? Williams 1) ? 

639. If a sample of steel weighing 0.900 gram and containing 0.50 per cent 
Mn is used for analysis, how many c.c. of a solution of KMn04 (10 c.c. <>= 
0.06300 gram of KHC2O4.H2C2O4.2H2O) will be equivalent to manganese by 
(a) the Bismuthate method, (6) the Volhard method, (c) the Williams 
method? . . 

640. In the Volhard method for manganese, what weight of steel should 
be taken so that the c.c. of N/10 KMitO^ shall equal ten times the per cent 

' Mn? 

541. If 50 C.C. of N/12 KMn04 solutipn were reduced to the manganous 
condition, how many c.c. of N /12 KMn()4 would be equivalent to the Mn in 
the reduced solution by the (ct) Volhard method, (6) Bismuthate method, 
(c) Williams method? 

642. What weight of steel should be taken for analysis such that the c.c. 
of N/12 KMn04 equivalent to the Mn in the steel is 8 times the per cent 
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Mn in the steel if the analysis is made by the (a) Volhard method (one-half 
the solution is titrated), (h) Bismuthate method, (c) Williams method? 

543. Phosphate reacts with ammonium molybdate to precipitate (NH4)r 
PO4.12M0O3. The precipitate may be dissolved, the molybdenum re- 
duced to M024O37 and the reduced solution run into Fe2(S04);{ solution, 
which reoxidizes the molybdenum, reducmg an equivalent amount of 
ferric iron to ferrous iron. The ferrous iron may then be oxidized by a 
measured volume of standard KMn04. Calculate the weight of a sample of 
steel to be taken for analysis so that every hundred cubic centimeters of 0.1 
N KMn04 used in the titration shall represent directly the per cent P. 

Calculate in this process the equivalent weight of (a) P; (5) P2O&; (c) Mo; 

id) moO,; (e) M024O37. 

544. A normal yellow precipitate of ammonium phospho-niolybdate from 
a sample of bronze weighing one gram is reduced with zinc. The reducini 
solution requires 21.13 c.c. of N/10 permanganate to oxidize the molyb- 
denum to the hexavalent condition. If the alloy contains exactly 0.2 per 
cent of phosphorus to what oxide was the molybdenum apparently reduced 
by the zinc? 

546. A sample of ferro-manganese contains 80.25 per cent Mn. How 
many cubic centimeters of KMn04 (1 c.c.<>= 0.00600 gram Fe) were used for 
the titration of a sample weighing 0.300 gram by the Yolhard method. 
What would have been the apparent percentage if a minus error of 0.35 
c.c. had been made in the burette reading of the permanganate solution? 

646. A solution containing phosphoric acid was treated with ammonium 
molybdate and an abnormal yellow precipitate was obtained, which after 
drying may be assumed to have consisted of [(NH4)sP04] » [MoO.Jv. 
This precipitate was dried, weighed, dissolved in ammonia water, and 
the solution was made up to 500 c.c. Of this, 50 c.c. were taken, made acid 
with H2SO4, reduced with amalgamated Zn, and passed directly into an 
excess of ferric alum which served to oxidize the trivalent molybdenum 
back to the hexavalent condition. To oxidize the reduced iron required 
a number of c.c. of N/8 KMn04 equal to 15.39 times the weight in grams 
of the original yellow precipitate. What values of x and y may be taken 
in the formula of the yellow precipitate? 

547. Calculate the per cent phosphorus in a sample of steel from the 
following data: 2.00 grams of steel furnished a normal y(;llow pro<;ipitate 
which when dissolved and treated with Zn reacted with 7,00 c.c. of twtilfth 
normal KMnO^. 

648. In the analysis of a sample of steel weighing 1.881 grams the phos- 
phorus was precipitated with ammonium molybdate and the yellow precipi- 
tate was dissolved, reduced, and titrated with permanganate. If Ihe 
sample contained 0.025 per cent P and 6.01 c.c. of KMn04 were umnl, to 
what oxide was the molybdenum reduced? One cubic centimeter of KMidb 
was equivalent to 0.007188 gram of sodium oxahite. 

649. What weight of steel should be taken for analysis such tliat the c.c. 
of N/9 caustic soda required to titrate a normal precipitate of ammonium 
phosphomolybdate will be 400 times as large as the per cent P in the stet^l i 
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660. What weight of steel should be taken for analysis such that the c.c. of 
eighth normal permanganate required to react with the reduced molybdenum 
(Blair Method) will be 200 times the per cent P in the steel? 

651. Using a 2-gram sample of steel containing 0.007 per cent phosphorus 
show by equations what reduction of the molybdenum was assumed from 
the following data: 

Normality of KMnO^ = 0.06193. 

KMn04 = 2.71 c.c, 

652. Assuming that vanadium like nitrogen forms 5 oxides and that any 
other oxide is a mixture of two or more of these, compute the apparent 
valence of the vanadium in the reduced condition and show what oxides 
could give this. Use the following data: 0.08500 gram of Naal^Oj, after an 
abnormal reduction was oxidized to the quinquivalent condition by 43.14 c.c. 
of KMn04 of which 40 c.c. reacted with 30 c.c, of potassium tetroxlate 
solution which was 0.08000 normal as an acid. 

653. The H2S in a sample of illuminating gas is determined by passing 
10 cu. ft. of the gas through an absorbing agent and oxidizing the sulphur to 
sulphate. By the Hinman method there are used 12.00 c.c. of thiosulphate 
solution having two-thirds the normality as a reducing agent as a potassium 
tetroxalate solution of which 6.00 c.c. will reduce in acid solution 3.00 c.c. of 
a KMn04 solution containing 0.00632 gram of KMn04 per c.c. What is 
the HaS content of the gas in parts per thousand (by volume) ? 

664. What W'eight of sulphite liquor should be taken for analysis so that 
the c.c. of I2 solution required (1 c.c.=c= 0.0125 gram Na2S203.5H20) and the 
per cent total SO2 shall be in the respective ratio of 20 to 3? 

566. In determining sulphur in steel the sulphur is eventually obtained 
as H2S, an excess I2 is added, and the excess is titrated with Na2S203 solu- 
tion. What weight of sample should be taken such that the c.c. of Na2S203 
used multiplied by a factor, and subtracted from the c.c. of 1 2 used, will 
be exactly 12 times the per cent S? One cubic centimeter of the Na2S203 
is equivalent to the iodine liberated when 1 c.c. of K2Cr20, (1 c.c. ^ 0.004900 
gram Fe) is treated with KI in acid solution. What is the factor” referred 
to above when 1 c.c. of iodine is equivalent to 0.00490 gram of AS2O3? 

566. If a copper ore on being analyzed yields 0.235 gram of sulphide after 
heating with sulphur in a stream of hydrogen, how many grams of KIO3 
would react in the iodate method with the same weight of ore? 

667. What is the percentage purity of a sample of ferrous sulphate 
FeS04.7H20 weighing one gram, if, after dissolving in water, adding 10 c.c. 
of 0.1 N hydrochloric acid and oxidizing with bromine, 11.73 c.c. of N 
NH4OH are required to precipitate the iron as Fe(OH)8? 

668. How many c.c. of N/10 KMn04 are needed in the 2immerman- 
Reinhardt method for iron, if 3,50 c.c. of 6 N ammonia water would be 
requii’ed to precipitate the iron after oxidation to the ferric condition? 

669. The qualitative analysis of a certain silicate shows the presence of a 
large quantity of calcium and only traces of other positive elements. In 
the quantitative analysis, the silica is removed and the calcium is precipi- 
tated from the filtrate as calcium oxalate. It is found that the number of 
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cubic, centimeters of 0.1660 N K,Mn04, required to oxidize tbe oxaiale is 
almost exactly', equal to the percentage.of .silica in -the sample. Wliat is the 
empirical formula of the pure mineral? 

,660. Heulau'dite, is hydrous acid calcium rnetasillcate and yields on 
analysis '14.8 per cent water and 16.7 per, cent alumina. If the calcium were 
precipitated as calcium oxalate from a 1-gram sample, 16.4 c.c. of Is/ 10 
.KM11O4 would be required for oxidation. Three-fifths of the water exists m 
water of crystallization. What is the empirical formula of heulandite? 

,, 661. How many c.c. of magnesia mixture (1 normal with respect to 
MgCh) ■will be required to precipitate the phosphorus from 0.201)0 gram of 
pure apatite. Assume the formula of the latter to be Ca;i(F04)a.CaCl2? 

662. A solution of (NIi4)2HP04 is made up to be 2 normal as Jin amnio- 
iiium salt. Calculate approximately the vohizne necessary to predjritatc 
the zinc as ZnNH4P04 in a sample of brass (90 per cent Cu^ 10 per centZn) 
weighing 5.000 grams. 

663. In the analysis of a sample of silicate w^eighiiig 0.8000 gram, a mixture 
of NaCl and KCi weighing 0.2400 gram w^as obtained. The chlorides were 
dissolved in water, 50 c.c. of N/10 AgNOa added, and the excess of silver 
titrated with KGNS solution using ferric alum as an indicator. In the last 
titration 14.46 c.c. were used and the reagent was exactly 0.3 per cent 
stronger in normality than the AgNOa solution. Find the percentage of 
K2O and of Na20 in the silicate. 

664. A mixture of KCN, KGNS and K2SO4 (the last assumed to have no 
effect on the titration) weighing 0.6000 gram reacts with 18.4 c.c. of AgNOa 
solution containing 5.35 grams AgNOa per liter, before a permanent precipi- 
tate is obtained. At this point 75.0 c.c. more of the silver solution are added 
and the excess titrated with 12.0 c.c. of N/15 KGNS. Find the percentage 
composition of the mixture. 

666. A mixture of LiCl and BaBr2 weighing 0.5000 gram is treated with 
37.60 c.c. of N/5 silver nitrate and the excess of the lattt3r titrated with 
18.50 c.c. of N/9 thiocyanate solution. Find the per cent Ba in the 
mixture.- 

666. The Ni in a 0.9000 gram sample of millerite is converted to ihe 
ammonia complex, and to the solution are added 0.25 c.c. of AgNOa solution 
containing 20 grams AgNOa por liter, and 6.00 c.c* of a KI solution from 1 
c.c. of w’-hich an excess of N/IO KMn04 will liberate an amount of I2 w^hich 
will just oxidize 2.00 c.c. of Na2S208 (1 c.c.o 0.00318 gram Cu). By adding 
two 10 c.c.-pipettesful of KCN solution (13 grams KGN per liter) the turbi- 
dity due to the Agl is found to have disappeared but just reappears on add- 
ing exactly 1.50 c.c. more of the AgNOs. Calculate the per cent Ni in ihe 
millerite. 

667. A sample containing KCN weighs 1.000 gram and requires 24 c.c, 
of N/12 AgNOs solution to obtain a faint permanent turbidity. What is 
the percentage of KCN? If the sample also contained 10 per cent KCi, 
what volume of the AgNOa solution would be required to precipitate the 
KCN and KCI completely? 

668. A sample of feldspar contains 7,68 per cent NasO and 9.93 per cent 
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K-O. ' W’iia.fc must be the normality of a, silver nitrate solution if 22.71 c.c. 
precipitates tlie chloride ions from the combined chlorides in a sample 
weighing 0.1500 gram? 

569. A mixture of pure chlorides of potassium, lithium, and sodium 
weighing 0.4800 gram is obtained from 1.600 grams of a silicate. The 
chloride in this mixture was equivalent to 80 c,c. of ninth normal silver 
nitrate: solution, , and the potassium was equivalent to 0. 1052 gram of 
KffiPtClg. Compute the percentage of KgO and of Li 20 in the silicate. 

670. If in the analysis of a silicate a mixture of pure NaCl and KCi 
weighing 0.2500 gram was obtained from a sample weighing 0.7500 gram, 
and this mixture of chlorides contained 50 per cent chlorine, compute the 
percentage of K 2 O in the silicate. What weight of potassium perchlorate 
would have been obtained if the chlorides have been analyized by the per- 
chlorate method? 

671. If 0.5000 gram of a copper alloy containing 25 per cent Cii requires 
20,00 c.c. of KGN for titration what is the equivalent of 1 e.c, of the KGN (a) 
in terms of Ag (using K1 as indicator) ; (6) in terms of Ni, How many e.c. of 
KIO,'} solution would have been required by the method of Jamieson, Levy & 
Wells if with an excess of KI, 15.00 c.c. of the KIOs would have liberated I 2 
enough to react with a volume of N/10 thiosulphate equivalent to 0.100 
gram of K 2 Cr 207 ? 

672. A sample of limestone rock was analyzed, and the percentages of the 
constituents, expressed as Si02, Fe 203 , AbiOs, CaO, MgO, CO 2 , and H 2 O 
were obtained as follows: 

SiO-i — A sample weighing 2,5000 grams was dissolved in HCl, evaporated 
to dryness, and dried at 110°C. The ignited insoluble residue wmighed 
0.6650 gram. 

Fe 203 + AI2O3 — The filtrate from the Si02 determination gave a precipi- 
tate with ammonia weighing 0.2181 gram after ignition. 

CaO — One-fifth of the filtrate from the above determination gave a 
precipitate of calcium oxalate requiring 38.40 c.c. of 0.1225 N KMiiOi 
for oxidation. 

MgO — From the filtrate of the Ca determination was obtained 0.1133 
gram of Mg^PaOr. 

Fe20;} — A sample weighing 2.000 grams required 12.24 c.c. of the al)ove 
KMnO* to oxidize all the iron after reduction. 

CO 2 + H 2 O — A sample weighing 0.5134 gram after strong ignition 
weighed 0.3557 gram. 

OO 2 — The same weight of sample on treatment with acid caused a jiotash 
bulb to gain 0.1541 gram in weight. 

(<z) Wlxat w^as the complete analysis as reported? (6) If in the analysis, 
the analyst overlooked the presence of 1.50 per cent of pyrite (FeS 2 is insol- 
uble in dilute HCl and on ignition is converted into Fe 203 ) in the rock, W’^hat 
was the correct percentage of Fe 203 , of AI 2 O 8 , of Si 02 , and of H 2 O? 

673. If a gas measured dry at 27°C. and 758 mm. occupies a volume of 
500 c.e., calculate its volume if the temperature is increased to 87°C. and the 
pressure is kept constant. 
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574. If hydrogen gas when measured over water at 23®C. and 772 mm. 
pressure occupies 97.3 c.c. what would be the volume under standard 
conditions? 

575. A gas occupies a volume of 222 c.c. over water at 12“C. and 751 mm. 
pressure. What volume would it occupy over 'water at 31 ‘'G. and 770 mm. 
pressure? 

57G. BaCOs and MgCOs are mixed in the proportions by weight of 2:1, 
Calculate the volume of 6 normal HCl to decompose a 5-gram sample. 
Also calculate the volume of CO 2 gas formed when mejisured dry at 22.4''C, 
and 758 mm. pressure. What would the volume of the gas be if it were 
collected under the same conditions over water (saturated with GO 2 )? 

577. The hydrogen peroxide sold for medicinal purjmses is often labelled 
“ 10 volume” which means that on ordinary decomposition it yields 10 times 
its volume of oxygen. What would be the normality of such a solution as an 
oxidizing agent? As a reducing agent? 

678. What volume of 6 N hydrofluoric acid is theoretically required to 
volatilize the silica from 0.5000 gram of KAlSigOg? What volume of »SiF 4 
at 29°C. and 765 mm. is produced? 

579. What weight of impure calcite (CaCOs) should be taken for analysis 
so that the volume in cubic centimeters of CO 2 obtained by treating the 
sample with acid and measuring the CO 2 dry at i8®C. and 703 mm. sluill 
equal the percentage of CaO in the sample? 

680, One hundred and thirty cubic centimeters of a mixture of methane, 
air and hydrogen are conducted over gently ignited palladium asbestos, after 
which the volume of the gas is 105 c.c. Both measurements are made at 
20°C. and 750 mm. pressure using a Hempel pipette filled with water. Com- 
pute the percentage (by volume) of hydrogen in the original gas mixture 
and the weight of H 2 O which could be formed from it. 

581. Twelve grams of pure carbon undergo combustion in 31.3 liters of 
pure oxygen. Calculate the products formed and the percentage-by-voiume 
composition of the mixture after combustion. 

682, Assume air to contain 20.9 volumes O 2 and 79.1 volumes of nitrogen. 
One hundred volumes of air are mixed with 95 volumes of hydrogen and the 
mixture exploded. What is the composition of the gas remaining and the 
volumes of the various components after cooling to 20®C. and 760 inm, 
■pressure? 

683. What volume of water vapor could be obtained by strongly igniting 

1.603 grams of KHCaMgAl 2 Si 40 i 4 . 5 H 20 if the gas is measured at 
and'765 mm. pressure? ■ , , 

584. What volumes of nitrogen and carbon dioxide, each measured dry 
at 20°C. and 755 mm, pressure could be obtained by combustion of 0.2010 
gram of urea [CO(NH 2 ) 2 ]? 

585. Wliat volume of nitrogen measured over water at 30®C. and 760 mm. 
pressure could be obtained from 0.1860 gram of tetra-ethyl-letrazoiie 
[(C2H5)2:N.N:N.N:(C2H5)2]? 

586. How many cubic feet of oxygen would be required to burn a sample 
of steel weighing 2 grams and containing 99.00 per cent Fe, 0.25 per cent Mii, 
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0.45 per cent G,,0.10 per cent Si, 0,05 per cent P, 0.03 per cent S and 0.12 per 
■ Cu. Compixte the volume at 60°P. and 14.7 lbs. pressure. 

; 587. Calculate the formula of a compound of carbon, hydrogen, nitrogen, 
and oxygen from the following data: Approximate molecular weight = 140. 
Decomposition of a 0.2-gram sample gives 34.87 c.c. of nitrogen when 
measured dry at 22"C. and 764 mm. pressure. The same weight of sample 
on combustion in oxygen yields 0.3824 gram of CO 2 and 0.0783 gram of H 2 O. 

588. A compound of C, N, and H yields a volume of nitrogen which 
measured in cubic centimeters over water at 22°C. and 767 mm. 

pressure is equal to 155.5 times the number of grams of sample taken. The 
carbon and hydrogen are present in the molal ratio of 1:1. What is the 
empirical formula of the compound? 

589. A certain silicate of copper contains hydrogen only in the form of 
water of crystallization. The percentage of silica is 34.3 and the percentage 
of copper is 36.1 A 0.2-gram sample on ignition yields 73.3 c.c. of water 
when measured at 120‘"C. and 765 mm. barometric pressure. What is the 
empirical formula of the mineral? 

690. A one-gram sample of a certain silicate yields 0.4525 gram of silica, 
0.3840 gram of alumina, 0.6070 gram of Ki-PtCh, and 81.9 c.c. of water 
vapor when measured at 120°C. and 750 mm. pressure. Whar is the 
empirical formula of the mineral? 

591. Decomposition of a compound of carbon, hydrogen, nitrogen, oxygen, 
and bromine weighing 0.2000 gram yielded 8.70 c.c. of nitrogen (measured 
over water at 18®C. and 758 mm. pressure). Combustion in oxygen of the 
same weight of sample gave 0.1880 gram CO 2 and 0.01924 gram H 2 O. 
After decomposition of 0.2000 gram with HNO 3 , a precipitate of AgBr 
weighing 0.2674 gram was obtained. The molecular weight was found 
to be about 275. What is the formula of the compound? 

692. Decomposition of 0.1500 gram of indol gave 16.42 c.c. of nitrogen 
when measured over water at 27®C. and 758 mm. Combustion in oxygen 

0.2000 gram of the sample increased the weight of a potash bulb by 
0.6026 gram, and the calcium chloride tube by 0.2159 gram. Calculate the 
empirical formula of indoL 

693. What is the percentage of copper in a steel if with a 5-gram sample 
the volume of H 2 B gas (measured under standard conditions) required to 
precipitate the copper as CuS is exactly 2 c.c. more than the volume of 
N/10 NasSsOs solution subsequently required for the copper by the Low 
method ? 

594. A sample of impure ammonium chloride is dissolved in water and the 
solution is divided into two equal portions. One portion is made alkaline 
with NaOH and the liberated ammonia is distilled into 100 c.c. of N/10 
sulphuric acid which is then found to require 43.9 c.c. of 0.1320 N NaOH for 
neutralization. The other portion is treated with sodium hypobromite 
( 2 NH 3 -f 3NaOBr ~*>3H20 4" 3NaBr + No) and the liberated 
is found to occupy 51,3 c.c. when measured over water at 20'^C. 
mm. If the first method gives correct results, what is the percent- 
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596. To 50 c.c. of a solution of cMorine in water an excess of potassium 
iodide ,was added; the liberated iodine was titrated with Na2S203 usiag ^ 
starch as an. indicator.. From the data given calculate the volume of chiorme 
gas measured at 10°C. and 765 mm. pressure which is contained in 50 c.c. of 
the water solution. 

Na2S203 == 0*. 1246 normal. 

Volume required ~ 9.32 c.c. 

§96. Pure crystals of CUSO4.5H2O weighing 1.0000 gram are dissolved 
in water and the solution is electrolyzed 'with an average current of 1.3 
amperes for 20 minutes. What weight of copper has been deposited? 
What volume of gas measured dry and under standard conditions has been 
liberated? If the resulting solution, is made up to 100 c.c. with water, what 
is its normality as an acid? 

§97. Pure crystals of CUSO4.5H2O are dissolved in water and the solution 
is electrolyzed with an average current of 0.60 ampere. The electrolysis is 
continued for 5 minutes after all the copper has been deposited and it is 
found that a total volume of 62.5 c.c. of gas when measured dry at 18”C. 
and 745 mm. pressure has been evolved. Wliat weight of crystals w^as taken 
for electrolysis? (Assume all the copper is deposited before hydrogen is 
evolved.) How many cubic centimeters of N/10 NaOH will the resulting 
solution neutralize? 

§98. Nitrogen, existing as nitride in a crucible steel, is determined by 
decomposing a 5-gram sample with HCl. The resulting NH4CI is decom- 
posed with NaOH, and the liberated NH3 is absorbed in 10.05 c.c. of H2SO« 
which is exactly 0.009903 normal as an acid. After absorption, the con- 
centration of the H2SO4 is determined by adding an excess of KI and of 
KIO3 and by titrating with standard Na2S203 the I2 liberated according to 
the reaction: 

SKI + KIOs + 3H2S04~^3K2S04 4- BE 2 O + ZU 
The Na2S203 is of such strength that 42.08 c.c. are equivalent to the la 
liberated from an excess of KI by 20.03 c.c. of 0.02584 N KMn04, and in 
the above titration 5.14 c.c. are used. Calculate the percentage of nitrogem, 
in the steel. 
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Table L — Gonveesion Factors 

1 incli = 2.5400 centimeters. 

1 centimeter = 0.39370 inch. 


1 square inch == 6.4515 square centimetera, 
1 square centimeter ~ 0.15500 square inch. 


1 cubic inch - 16.387 cubic centimetei-s. 

1 cubic centimeter = 0.061026 cubic inch. 


1 quart (liquid) = 0.94636 liter. 
1 liter = 1.0567 quarts (liquid). 


1 pound (avoir.) = 0.45359 kilogram. 
1 kilogram = 2.2046 pounds (avoir.). 


1 ounce (avoir.) ~ 28.350 grams. 

1 gram = 0.035273 ounce (avoir.). 


1 grain = 0.64799 gram. 
1 gram = 15.432 grains. 


Degrees Centigrade = (Degrees Fahrenheit — 32) -5- 1.8. 
Degrees Fahrenheit *= (Degrees Centigrade X 1.8) + .Z2. 
Degrees Absolute -= Degrees Centigrade -f 273. 


Table ' IL- 


“Specific Gravities op Common Substances 

(Prom various sources) 


'Cast, iron.. 


':Gold. 
Ivory. ..... 

Lead . . . 
Marble. . 


2 70 

Mercury . 

........ 13.6 

8 4 

TSJiekel . 

......... 8,7 

8 0 

Platinum . 

....... 21.4 

7 3 

Porcelain, . 

........ 2.4 

8 94 

Ql'Ifl.Tt^^ ....... 

........ 2.66 

'2.6 

Rook salt. 

■ 2.15 

. . 19.3 

Silver 

... 10.5 

, . 1.9 

Steel 

'7. S', 

.. 11.3 

Sulphur 


2.7,.: 

Zinc. 

......... 7.10 
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Table III.— Density of Dky Air 

(From Chemiker-Kalender published by Julius Springer) 

The table shows the density of dry air at temperature t and barometric 


pressure ' l>. 


t 

h ^ 

720 mm. 

730 mm. 

740 mm. 

750 mm. 

760 mm. 

770 mm. 


0.001225 

0.001242 

0.001259 

0.001276 

0.001293 

0.001310 

I 

1221 

1238 

1255 

1272 

1289 

1306 

2 

1216 

1233 

1250 

1267 

1284 

1301 

3 

1212 

1229 

1246 

1262 

1279 

1296 

4 

1208 

1224 

1241 

1258 

1275 

1291 

5 

1203 

1220 

1237 

1253 

1270 

1287 

6 

1199 

1216 

1232 

1249 

1266 

1282 

7 

1195 

1211 

1228 

1244 

1261 

1278 

8 

1190 

1207 

1223 

1240 

1257 

1273 

9 

1186 

1203 

1219 

1236 

1252 

1269 

10° 

1182 

1198 

1215 

1231 

1248 

1264 

11 

1178 

1194 

1211 

1227 

1243 

1260 

12 

1174 

1190 

1206 

1223 

1239 

1255 

13 

1170 

1186 

1202 

1218 

1235 

1251 

14 

1165 

1182 

1198 

1214 

1230 

1246 

15 

1161 

1178 

1194 

1210 

1226 

1242 

16 

1157 

1174 

1190 

1206 

1222 

1238 

17 

1133 

1169 

1185 

1201 

1218 

1234 

18 

1149 

1165 

1181 

1197 

1213 

1229 

19 

1146 

1161 

1177 

1193 

1209 

1225 

20° 

1142 

1157 

1173 

1189 

1205 

1221 

21 

1138 

1154 

1169 

iisr 

1201 

1217 

22 

1134 

1150 

1165 

1181 

1197 

1213 

23 

1130 

1146 

1161 

1177 

1193 

1209 

24 

1126 

1142 

1158 

1173 

1189 

1204 

25 

1122 

1138 

1154 

1169 

: . 1185 

1200, 

26 

1119 

1134 

1150 

1165 

1181 

1196 

27 

1115 

1130 

1146 

1161 

■ 1177 

. 1192 

28 

nil 

1127 

1142 

1158 

1173 

1188 

29 

1108 

1123 

1138 

1154 

1,169 

■ 1184. 

30° 

1104 

1119 

1135 

1150 

1165 

1181 




llili 


. . - 


ill' 
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Table IV.-~Vapoe Pkesstjee op Water 
(Eegnault) 

(From Treadwell and Hall’s "Analytical Cbemistry,'^ Vol. II, published by John Wiley & 
Sons, Inc., by permission) 


In Millimeters 


Temp., 



.70 4.73 4. 
.05 5.08 5. 
.42 5.45 5. 
.81 5.85 5. 
.23 6.27 6. 
.67 6.72 6. 
.14 7.19 7. 
.65 7.70 7. 
.18 8.24 8. 
.75 8.81 8. 
.35 9.41 9. 
.99 10.05 10. 
.67 10.73 10. 
.3811.46 11. 
.14 12,22 12. 
.95 13.03 13. 
.80 13.8913. 
.70 14.79 14. 
.65 15.75 15. 
.66 16.76 16. 
.72 17.83 17. 
.84 18,9519. 
.02 20.14 20. 
.2721.4021. 
.59 22.72 22. 
.98 24.12 24. 
.44 25.59 25, 
.98 27.14 27. 
.60 28.77 28. 
1.3130.4830. 
:.09 32.28 32. 
.98 34.1734. 
.96 36.17 36. 
;.05 38.26 38. 
1.23 40.46140, 


.771 4.80 j 4. 
. 12 ! 5.16 5. 
.49 5.53 5. 
.89 5.93 5. 
.31 6.36 6. 
.76 6.81 6. 
.24 7.29 7. 
.75 7.80} 7. 
.29; 3.35| 8. 
.87 8.931 8. 
.47 9.541 9. 

.12 10.19:10. 
.80 10.88 10. 
.53 11.61 11. 
.3012.3812. 
.11 13.2013. 
.97 14.0614. 
.8814.9815. 
.85 15.95 16. 
.86 16.97 17. 
.94 18.05 18. 
.07 19.19 19. 
.27 20.39 20. 
.53 21.66 21. 
.86 23.00 23. 
.26 24.4124. 
.74 25.89 26. 
.29 27.46 27. 
.93 29.10 29. 
.65 30.83 31, 
.46 32.65 32. 
.37 34.56 34. 
.37 36.58 36. 
.4738.69 38. 
.68140.91 41. 


84 4.87; 4.91 
19 5.23! 5.27 
57 5.6lj 6 65 
97 6 . 01 ; 6.06 
40 6.45 6.49 
86 6.90 6.95 
,34 7.39 7.44 
,86 7.91 7.96 
,40 8.46 8.52 
,991 9.05 9.11 
,60l 9.67 9.73 
,2610.3210.39 
,9511.0211.09 
.6811.76 11.83 
.4612.5412.62 
.28 13.3713.45 
.15 14.2414.33 
.0715.1715.26 
.05 16.1516.25 
.0717.1817.29 
.16 18.2718.38 
.31 19.42 19.54 
.5120.6420.76 
.7921.9222.05 
.1423.2723,41 
.5524.7024.84 
.05 26,20 26.35 
.62 27.7827.94 
.27 29. 44 29. 6J 
,0131.1931.37 
.84 33,0333.22 
.76 34.9635.16 
.78 36.9937.20 
.91 39.1239.34 
.14 41.36:41.60 
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: Tablej V.—Relatwe Density OF Water 

(From the " Handbook of Chemistry and Physics,” published by the Chemicid Rubber Go., 
Cleveland, Ohio, by permission) 

TEe m,ass of one cubic centimeter of water at 4°C. is taken as unity. 

: The absolute density in C. G. B. units is obtained by multiplying tlie 
relative density by 0.999973. 


(Smithsonian Tables, compiled from Various Authors) 


Temp., 

,.^C, ,, 

Density 

Temp., 

°C. 

Density 

1 

Temp., 

°C. 

Density 

+0 

0.99987 

22 

780 

■ 43 ' ■. 

107 

t 

^ 993 

23 

756 

„ , 44 

066 

,2 ,, 

. 997 

24 

732 

45 

0.99025 

"3' '■ 

999 

25 

0.99707 

46 

0.98982 

4 

1.00000 

26 

681 

47 

940 

. ■ 5 

0.99999 

27 

654 

48 , 

896 

6 

997 , 

28 

626 

49 

852 

7 

993 ■ 

29 

597 : 

50 

0.98807 

8 

988 

30 

0.99567 

51 

762 

9 

981 

31 

537 

52 

715 

10 

0.99973 

32 

505, 

53 

669 

11 

963 

33 

473 

: 54 

621 

12 

952 

34 . 1 

440 

. 55 ■■ 

0.98573 

13 

940 

35 

0.99406 

60 

324 

14 

927 

36 ! 

371 

■ ' 65 ■■ 

059 

15 

0.99913 

37 

336 

70 . ■: 

, 0.97781 

16 

897 

38 

299 

, . 75 

, 489 

17 

880 

39 

262 ' , 

80 ., 

0.97183 

18 

862 

40 

0.99224 

' ' 85 ,' 

0.96865 

19 

843 

41 

186 

90 

534 

20 

0.99823 

42 

! : . ,147 ,' 

95 "i 

192 

21 

802 I 










Formula 


orange 

cold 


Cold j Boiling Cold Boiling 


1 dilute 0 
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Table VI.—Sensitivbness OF IndicatoEvS 

(From various sources) 

The table gives the approximate hydrogen-ion and hydroxyl-ion concen- 
trations required to produce the indicated change of color in dilute solutions 
(0.001 per cent) of the more common indicators. 


Concentration of . . 

1X10"» 

1 XlO-8 

1X10~7 

1X10-8 

1X10-6 

,i xio-« 

ixicr* 

Concentration of OH~ 

1 X10~s 

1X10"8 

1 xio-7 

1 X 10-8 

1X10-8 

1X10“J0| 

1 X lira's 

Phenolphthalein 

Pink 

Color- 

less 






Litmus. 


Violet- 1 
blue 

Violet 

Violet- 

pink 




Methyl red 




Yellow 

Pink 



Methyl orange 





Yellow 

Orange 

Fink 

Congo red 





Red 

Violet 

Blue 


Table VII. — Effect of Indicatok on the Titration of Common Acids 

(R. T. Thomson) 

(From Cohn’s “Indicators and Test Papers,” John Wiley & Sons, publishers, by permission) 
The table shows the number of hydrogen atoms replaced by NaOH or 
KOH when a compound neutral to the indicator is formed. The blank 
spaces indicate that the end-reaction is obscure. 

j j Methyl- 1 Phenolphthalein j Litmus 


Sulphuric. H 2 SO 4 • 2 

Hydrochloric. HCI 1 

Nitric..., .' .... HNO 3 1 

Thiosulphuric, H 2 S 2 O 3 2 

Carbonic.... H 2 CO 3 0 

Sulphurous H 2 SO 3 1 

Hydrosulphuric H';8 0 

Ph«phoric H 3 PG 4 1 

Arsenic HsAs04 ' I 

Amenous...... . - HsAsOs 0 

Nitrous HNOa : ■ indicator 

destroyed 

.Silicic.....,'...'.... H4Si04 ..... 0 j 

Boric . . IdsBOs ■ 0 , | 

Chromic H2Cr04 1 

Oxalic • H 3 C 2 O 4 

'.Acetic. .. ►" . • HCaHsOs . . . , 

Butyric HC4H702 

Succinic H 2 C 4 H 4 O 4 . . 

Lactic HCsHftOs 

:■ Tartaric. . H2C4H40* 

' HaCfiHsO.T 


I . 2 

j 1 nearly 
I 1 nearly 
1 2 nearly 
: 1 

I 2 
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Table VIII.— Essential Composition of a Few Co&imon Minerai 

Ca 3 (P 04 ) 2 .Ca(F, Clh 
BaS04 
AI2O3 
CaCOs 
Sn02 
FeCr 204 
HgS 
AI2O3 

3NaF.AlF3 
CaMg(C 03)2 
KAISi.'jOg 
CaFo 
PbS 

CaS04.2H20 
(Ca, Mg)COs 
Fe.Os 
F€J,^04 
AlnOo 
FeSa 

SiOs 
XiOa 
FeCOa 
FeCOa 
ZnS 
SbsSs 


Apatite. .................... 

Barite 

Bauxite 

.Caldte ............... 

Cassiterite 

Chromite (chrome iron ore) 

Cinnabar 

Corundum 

Cryolite 

Dolomite. 

Feldspar. 

Fluorite 

Galena 

Gypsum 

Limestone 

Limonite 

Magnetite 

Pyrolusite • • • • 

Pyrite 

Quartz 

Rutile 

Siderite 

Spathic iron ore 

Sphalerite 

Stibnite 
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ij 

I 


i 

i 

I 

I 

I 


I 


Table IX.— Specific Gravity of Strong Acids at -^o' m Vacuo 
(According to G. Lunge) 

(From Treadwell and Hall’s “Analytical Chemistry,” Vol. 11, published by John Wiley 
& Sons, Inc., by permission) 


Specific 

gravity 

at -^ 0 “ 
(vacuo) 

Per cent by weight ' 

Specific 

gravity 

15 ° 

at 

(vacuo) 

Per cent by weight 

HCl 

.HNOs 

H :. S04 

HNO .^ 

H = S04 

1,000 

0 . 

16 

0 

10 

0.09 ! 

1.235 

37.53 

31.70 

1,005 

1 

15 

1 

00 

0.95 ; 

1.240 

38.29 

32.28 

1.010 

2 

14 

1 

90 

1.57 j 

1.245 

39.05 

32.86 

3.015 

3 

12 

2 

80 

2.30 

1.250 

39.82 

33.43 

1.020 

4 

13 

3 

70 

3.03 

i 1.255 

40.58 

31 .( K ) 

1.025 

5 

15 

4 

60 

3.70 

i 1.260 

41.34 

34.57 

1.030 

.6 

15 

5 

50 

4.49 

; 1.265 

42.10 

35 , 14 

1.035 

7 

15 

8 

38 

5.23 

1.270 

42,87 

35.71 

1 . 040 

8 

16 

7 

26 

5.96 

1.275 

43.64 

36,29 

1 . 045 

9 

16 

8 

13 

6.67 

1.280 

44.41 

36 . 87 

1.050 

10 

17 

8 

99 

7.37 

; 1 . 285 

45.18 

37.45 

1.055 

11 

18 

9 

84 

8.07 

1.290 

45.95 

38.03 

1 . 060 

12 

19 

10 

68 

8.77 

I 1.295 

46.72 

38.61 

1 . 065 

13 

19 

11 

51 

9.47 

i 1.300 

47 . 49 

39 . 19 

1.070 

14 

17 

12 

33 

10.19 

1 1.305 

48.26 

39.77 

1.075 

15 

16 

13 

15 

10.90 

i 1.310 

49.07 

40.35 

1.080 

16 

15 

13 

95 

11.60 

1 . 315 ' 

49.89 

40.93 

1.085 

17 

13 

14 

74 

12.30 

1.320 

50.71 

41.50 

1.090 

38 

11 

15 

53 

12.99 

i 1.325 

51 . 53 

42.08 

1.095 

19 

06 

16 

32 

13.67 

1 1.330 

■ 52..-37 

42.66 

1.100 

20 

or 

17 

11 

14.35 

i 1.335 

53.22 

43.20 

1.105 

20 

97 

17 

89 

15.03 

! 1.340 

54 . 07 

43.74 

1.110 

21 

92 , 

18 

67 

15.71 

1 1.345 

54.93 

44.28 

. 1 . 1.15 

22 

86 

19 

45 

16.36 

I 1.350 

55.79 

44,82 

1.120 

23 

82 

20 

23 

17.01 

I' 1-.355 

50.66 

45.35 

1.325 

24 

78 

’ '21 

00 

17.66 

1 1.360 

■. 57.57 

45.88 

1.130 

25 , 

,75 

■ 21 , 

,77 

{ 18.31 

I 1.365 

58.48 : 

46.41 

1.135 

20 , 

,70 

22 

.54 

i 18.96 j 

i 1.370 

59.39 

46.94 

3 . 140 

27 , 

, 06 

23 , 

.31 

! 19.61 i 

I 1 .. 375 .- 

00.30 

■ 47 . 4,7 

1 . 145 

28 , 

.61 

24 

.08 

1 20.26 

; 1.380 

61.27 1 

48.00 

3.3 50 

29 , 

. 57 

24 , 

.84 

1 ' 20.91 

j 1..385 

62.24 

48.53 

, 1.155 

30 . 

. 55 

1 25 

,60 

1 . 21.55 ■ ■ 

! 1.390 

63,23 

m,m 

1.360 

31 , 

,52 

20 

. 36 

1 .' 22.,19 

< 1.395 i 

64.25 ■ i 

49.59 

1.165 

32 

,40 

i 27 , 

.12 

I 22.83 

1.400 

65.30 

50.11 

1.170 

33 , 

,46 

1 27 

.88 

; 23.47 

1.405 '■ 

60,40 

50.63 

1 . 175 

34 

42 

1 28 ,. 

.63 

1 24.12 i 

1.410 

i 67 . 50 

5 !.! 5 

3.380 

35 , 

.39 

29 , 

,38 

24.76 ■ 

1.415 

1 68 . 63 

51.66 

3 . 185 

36 . 

.31 

1 30 , 

.13 

1 ' 25.40 .-| 

1,420 

I 89.80 

52.15 

3 . 190 

37 , 

.23 

! 30 . 

.88 

26.04 i 

1.425 

1 70.98 , 

52.63 

1 . 195 

38 . 

.16 , 

i 31 , 

.62 

! 26.68 ! 

1,430 

72.17 

5341 

1 . 200 

39 . 

,31 ' 

32 . 

.36 

27.32 

1.435 

73.39 

53.59 

1.205 



33. 

09 

27.95 i 

1.440 

74.68 

54.07 

1.210 



33. 

82 

28.58 I 

1.445 

75.98 ^ 

54.55 

1.215 ' 



34 . 

55 1 

29.21 

1.450 

77.28 

55.03 

1.220 1 

1.225 

1.230 



35 . 

36 . 
36 . 

28 

03 

78 

29.84 : 

30.48 
31.11 : 

1 . 455 ' ■ 

1.460 

H465 

78,60 

79.98 

81.42 

55.50 

56.97 

56.43 
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Specific Gravity of Strong. Acids at in Y acvo.— {Continued) 


(According to G. Lunge) 


Specific 

gravity 

lit ^0 
(vacuo) 


Per cent by weight 


56.90 

57.37 

57.83 
58,28 
58,74 
59,22 

59.70 
60.18 

60.65 
61.12 
61.59 
62.06 

62.53 
63.00 
63.43 
63.85 

64.26 
64.67 
65.20 

65.65 
66.09 

66.53 
66.95 
67.40 

67.83 

68.26 

68.70 


Specific 

gravity 

, 15 " 

at 

(vacuo) 

1.610 
1.615 
1.620 
1.625 
1.630 
1.635 
1.640 
1 . 645 
1.650 
1.655 
1.660 
I 1.665 
I 1.670 
! K 675 

I 1.680 
1.685 
1.690 
1.695 
1.700 
l ".705 
1.710 
1.715 
1.720 
1.725 
1.730 
1.735 
1.740 
1.745 


Per cent 
by 

weight 


69.56 
70.00 
70.42 
■ 70.85 
71.27 
71.70 
72.12 
72.55 
72.96 
73.40 
73.81 

74.24 
74.66 
75.08 
75.50 
75.94 
76.38 
76.76 
77.17 
77.60 
78.04 
78.48 
78.92 
79.36 
79.80 

80.24 
80.68 
81.12 


Specific 

gravity 

at 

(vacuo) 

1.750 
1.755 
1.760 
1.765 
1 . 770 
1.775 
1.780 
1.785 
1.790 
1.795 
1.800 
1.805 
1.810 
1.815 
1.820 
1.825 
1.830 
1.835 
1.840 
1.8405 
1.8410 
1.8415 
1.8410 
1.8405 
1.8400 
I 1,8395 
I 1.8390 
1.8385 


Per cent 
by 

weight 


81.56 
82.00 
82.44 

83.01 

83.51 

84.02 
84.50 

85.10 
85.70 

86.30 
86.92 

87.60 

88.30 
89.16 
90.05 
91.00 

92.10 

93.56 

95.60 
95.95 
96.38 
97.35 
98.20 

98.52 
98.72 
98.77 
99.12 

99.31 



I ABLE X. Specific Gkavity of Potassium and Sodium, Hydeoxidb 
Solutions at 15 °C. 

(From Treadwell and Hall’s “Analytical Chemistry,” Vol. II, published by John Wiley 
& Sons Inc. by permission) 


Specific- 

gravity 


1.007 
1.014 
1.022 
1.029 
1.037 
1.045 
1.052 
1.060 
1.067 
1.075 
1.083 
1.091 
1 . 100 
1 . 108 
1.116 
1.125 
1 . 134 
1.142 
1 . 152 
1.162 
1.171 
1.180 
1.190 
1.200 
1.210 
1.220 
1 . 


Per cent 
KOH 

Per cent 
NaOH 

1 Specific 
gravity 

0 

.9 

0.61 

i 

i 1 

.252 

1 

.7 

1.20 

1 

.263 

2 

.6 

2.00 

i 1 

.274 

3 

.5 

2.71 

1 1 

.285 

4 

.5 

3.35 

1 1 

.297 

5 

.6 

4.00 

1 

.308 

6 

.4 . 

4.64 

1 

.320 

7 

4 

5.29 

1 

.332 

8 

2 

5.87 

1 

.345 

9 

2 

6.55 : 

1 

.357 

10 

1 

7.31 

1 

.370 

10 

9 

8.00 ; 

1 

383 

12 

0 

8.68 1 

1 

397 

12 

9 

9.42 1 

1 

410 

13, 

.8 

10.06 

1 

.424 

14, 

,8 

10.97 1 

1. 

.438 

15. 

,7 

11.84 : 

1. 

,453 

16. 

,5 

12,64 I 

I 1. 

,468 

17. 

,6 

13,55 I 

! 1. 

,483 

18. 

6 

14.37 i 

1 

,498 

19. 

,5 

15,13 1 

! I. 

514 

20. 

5 

15.91 

1 1. 

530 

21. 

4 

16.77 1 

1 P 

546 

^ 22. 

4, 

17.07 i 

1 -1. 

563 

23. 

3 ' 

18.58 i-: 

1 -1, 

580 


Per cent Per cent 
KOH NaOH 


27.0 I 22.64 

28.2 I 23.67 

28.9, ! 24.81 

29.8 i 25.80 

30.7 I 26.83 

31.8 : 27. SC) 

32.7 I 28.83 

33.7 I 29.93 

34.9 i 31,22 

35.9 i 32.47 

36.9 i 33.69 

37.8 ; ' 34.96 

38.9 . . 36.25 

39.9 37.47 

40.9 I 38.80 

42.1 i 39.99 

43.4 I 41.41 

44.6 42.83 

45.8 44.38 

47.1 46,15 

48.3 47.60 

49.4 40.02 

50.6 

51.9 i 
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Table XL— Spbcipic Gra%'1ty op Ammonia Solutions at 15'C. 
(According to Lunge and Wiernik) 

(From Treadwell & Hall’s “Analytical Chemistry,” Tol. II, pubUshed by John Wiley 
& Sons, Inc. by permission) ________ 


Per cent NHs | 

Specific gravity j 

Per cent NH 

0.00 1 

0.940 

15.63 

0.45 

0.938 

16.22 

0.91 

0.936 

16.82 

1.37 

0.934 

17.42 

1.84 

0.932 

18.03 , 

2.31 ■ 1 

0.930 

18.64 

■ 2.80 

0.928 

19.25 

3.30 1 

0,926 , 

19.87 

3.80 i 

0.924 

20.49 

4.30 

0.922 

21.12 

4.80 

0.920 

21.75 

5.30 

0.918 

22.39 

5.80 

0.916 

23.03 

6.30 

0.914 

23.68 

6.80 

0.912 

24.33 

7.31 

0.910 

24.99 

7.82 

0.908 

25.65 

8.33 

0.906 

26.31 

8.84 

1 0.904 

26.98 

9.35 

1 0.902 

27.65 

9.91 

1 0.900 

28.^33 

10,47 

i 0.898 

29.01 

11.03 

0.896 

29.69 

11.60 

0.894 

30.37 

. 12.17 

0.892 

31.05 

12.74 

0.890 

31.75 

13.31 

0.888 

32.50 

13.88 

1 0.886 

33.25 

14.46 

1 0.884 

34.10 

15.04 

I 0.882 

34.95 . 


Specific gravity 


1.000 
0.998 
.996 
0.994 
0.992 
0.990 
0.988 
0.9S6 
0.984 
0.982 
0.980 
0.978 
0.976 
0.974 
0.972 
0.970 
0.968 
0.966 
0.964 
0.962 
0,960 
0.958 
0.956 
0.954 
.952 
0.950 
.948 
.946 
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Table XII. — International Atomic Weioiits, 1021-22 



Sym- 

bol 

Atomic 

weight 


By in- : 
bol ; 

Aimnic 

weight 

Allinriiirsiim ......... 

A1 

27.0 

Molybdenum 

Mo 

96.0 

AntimnoTTiV 

Sb 

120.2 

Neodymum ... 

Nd 

144.3 


A 

39.9 

Neon 

Ne 

20.2 


As 

74.96 

Nickel 

Ni 1 

58.68 


Ba 

137.37 1 

Nitrogen 

N . 

14.008 



Bi 

209.0 

Osmium 

Os 

190.9 


B 

10.9 

Oxygen 

O 

16.00 


Br 

79.92 

Palladium 

l^d 

106.7 


Cd 

112.40 

Phosphorus ... 

P 

31.04 


Cs 

132.81 

Platinum 

Pt ^ 

195.2 


Ca 

40.07 

Potassium 

K 

39.10 

Carbon 

C 

12.005 

Praseodymium .... 

Pr 

140.9 


Ce 

140.25 

Radium 

Ra 

226.0 


Cl 

35.46 

Rhodium 

Rh 

102.9 


Cr 

52.0 

Rubidium . 

Rb 

85.45 


Co 

58.97 

Ruthenium ....... 

Ru 

101.7 


Cb 

93.1 

Samarium 

Sa 

150,4 


Cu 

63.57 

Scandium 

Sc 

45.1 


Dy 

162.5 

Selenium 

Se 

79.2 

TT.rKi m m 

Er 

167.7 

Silicon 

Si 

28.1 

"f?.i 1 TArvi n m 

Eu 

152.0 

Silver 

Ag 

107.88 

Ti’lnAT'inA 

F 

19.0 

Sodium 

Na 

23.00 

Cln r1 a1 1 Ti 1 n m 

Gd 

157.3 

Strontium 

Sr ’ 

87.63 

VJTiXvIUliXJli ULiXX » 

(Tici 111 ntn 

Ga 

70.1 

Sulphur. , 

S 

32.06 

/"'J.iaki’irv'k a 'nintin 

Ge 

72.5 

Tantalum 

Ta ' 

181 .'5 

/"3.1 n AT r* n m 1 

G1 

9.1 

Tellurium 

Te 

127.5 

Hnlf? 

Au 

197.2 

Terbium, ....... . 

Tb 

159.2 

TTAlinm 

He 

4.00 

Thallium 

T1 

204.0 

T-T’Vf /t V'AnfTriati 

H 

1.008 

Thorium 

Th 

232,15 

xiy ui 

T'J'Viri^TIlTYTi 

In 

114.8 

Thulium 

Tm 

169.9 


I 

126.92 

Tin 

Sn 

118.7 

1 M urn ' ' 

Ir 

193.1 

Titanium 

Ti 

48.1 

' 'T'TA'Tt . . 

Fe 

55.84 

Tungsten. . ...... 

W 

184.0 


Kr 

82.92 ' 

Uranium 

u 

238.2 

T .o m f lin r> n 1 tY\ 

La 

139.0 

Vanadium 

V • 

51.0 


Pb 

207.20 

Xenon. . 

Xe 

130.2 

Lithium 

Li 

6.94 

Ytterbium (N co- 



T .TTf Of»f 11 TV'^ 

Lu 

175.0 1 

ytterbium) 

Yb 

1 173.5 


Mg 

24.32 

Yttrium . . . . . . . . . . 

Yt 

89.33 

11111 

Mn 

54.93 

Zinc . . . ... ... . . - . 

Zii 

! 65.37 

Manganese. 

■ 1^/? 1 

i HS 

200.6 

Zirconium 

■Zr 

' 90.6 

IVIX i L Ul j . « . 
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Tablj-i XJll. — Lobaritums uk Numhioks 














J’roporlional parts 

Nat iiral 
Biiinbers 

0 

1 


3 

4 

5- 

6 

7 

8 

9 

1 

2 

3 

4 

5 


7 

8 ' 9 

1 

10 

0000 

0043 0086*0128 

0170 

02120253 

0294 !o334 0374 
0682^0719 0755 

4 

8 il2 

17 

2i|25 

29 * 33 ! 37 

11 

0414 

0453 049210531 

0569 

060710645 

4 

8 

11 15 

19 23 26,30 34 

12 

0792 

0828,086410899 

0934 

096911004 

1038 ,1072! 1106 

3 

7 ,10,14 

17121 24 128 31 

13 

1139 

1173 1206 i 1239 

1271 

1303^1335 

1367:139911430 

16731170311732 

3 

6 

10113 

16119 23126129 

14 

1461 

1492! 1523 1 1553 

1584 

,16141644 

3 

6 

9 12 

15 

18 

21 24 127 

15 

1761 

1790[l818 1847 

1875 

loosliosi 

1959I1987!2014 

3 

6 

8*11 

14 

17 

20 22125 

10 

2041 

2068 2095 2122 

2148 

217512201 12227i2253;2279 

3 

5 

8 11 

13 

16 

IS 21:24 

17 

18 

19 

2304 

2553 

2788 

2330 2355 2380 
2577 2601 2625 
28l0j2833 2856 

2405 

2648 

2878 

2430 

2672 

2900 

2455 '2480 12504 12520 
T695 '2718 12742 12765 
2923j2945 12967 2989 

2 

2 

2 

5 

'5 

4 

7 

7 

7 

10 

9 

9 

12 

12 

11 

15 

14 

13 

17 20,22 
U> 19 21 
lG|18j20 

20 

3010 

3032 3054 3075 

3096 

311$ 

3l39i3100i3lSl 3201 

2 

4 

6 

8 

11 

13 

15 17(19 

21 

3222 

3243,3263 

3284 3304 

3324 

3345 336513385 

3404 

2 

4 

6 

8 

10 12 

14 16 18 

22 

3424 

344413464 

3483 

3502 

3522 

35411356013579 3598 

2 

4 

6 

8 

I0;12 

14 15|17 

23 

3617 

3630; 3655 

3674 

3692 

3711 

3729 13747 13766 13784 

2 

4 

6 

7 

9111 

13 

15117 

24 

3802 

3820 3838 

3856 

3874 

3892 

3909 

■ 

3927|3945;3962 

2 

4 

5 

7 

9111 

12 

14 16 

25 

3979 

3997 4014 

4031 

4048 

4065 

4082 

4099I411614133 

2 

3 

5 

7 

9*10 

12 14 15 

26 

4150 

4166 4183 

4200 

4216 

4232 

4249 

4265 4281 4298 

2 

3 

5 

7 

8,10 

11 13 15 

27 

4314 

4330 

4346 

4302,4378 

4393 

4409 

442514440 4456 

2 

3 

5 

6 

8 

9 

11 13 14 

28 

4472 

4487 

4502 

4518 

4533 

4548 

4564 

45791459414609 

'> 

3 

5 

6 

8 

9 

11 12 14 

29 

4624 

4639 

4654 

4669 

4683 

4698 

4713 

4728 4742 

4757 


3 

4 

6 

7 

9 

10 12 13 

30 

,4771 

4786 

4800 

4814 

4829 

4843 

4857 

4871 4886 

4900 

1 

3 

4 

6 

7 

9 

10 11 13 

31 

14914 

4928 

4942 

4955 

4969 

4983 

4997 

5011 15024 

5038 

1 

3 

4 

6 

" ‘7 

8 

10 11 12 

32 

'5051 

5065 

5079 '5092 

5105 

5119 

5132 

514515159 

5172 

1 

3 

4 

5 

7 

8 

9 11 12 

33 

5185 

5198 

5211 

5224 

5237 

5250 

5263 

5276,5289 

5302 

1 

3 

4 

5 

6 

8 

9 10 12 

34 

,5315 

5328 

5340 

5353 

5366 

5378 

5391 

5403 

5416 

5428 

1 

3 

4 

5 

6 

8 

9 10 11 

35 

5441 

5453 

5465 

5478 

5490 

5502 

5514 

5527 

5539 

5551 

1 

2 

4 

5 

6 

7 

9 10 11 

36 

5563 

5575 

5587 

5599 

5611 

5623 

5635 

5647 

5658'5670 

1 

2 

4 

5 

6 

i 

■"‘8 

10 11 

37 

5682 

5694 

5705 

5717 

5729 

5740 

5752 

5763 

577516786 

1 

2 

3 

5 

6 

7 

8 

9 10 

38 

5798 

5809 

5821 

5832 

5843 

5856 

5866 

5877 

588815899 

1 

2 

3 

6 

6 

7 

8 

9 10 

39 

5911 

5922 

5933 

5944 

5955 

5966 

5977 

5988 

6999 

6010 

1 

2 

3 

4 

6 

7 

8 

9 10 

40 

6021 

6031 

6042 

6053 

6064 

6075 

6085 

6096 

6107 

6117 

1 

21 

3 

4 

5 

6 

8 

OOO 

41 

6128 

6138 

6149 

6160 

6170 

6180 

6191 

6201 

6212 

6222 

1 

21 

3 

4 

6 

6 

7 

8 9 

■ ■' 42 

6232 

6243 

6253 

6263 

6274 

6284' 

"6294 

6304 

6314 

6325 

1 

2 

3 

4 

5 

6 

7 

8 9 

■ 43' ■ . 

6335 

6345 

6355 

6365 

6375 

6385 

6395 

0405 

6415 

6425 

1 

2i 

3 

‘ 4 

0 

6 

7 

8 9 

' 44' 

6435 

6444 

6454 

6464 

6474 

6484 

6493 

6503 

6513 

6522 

1 

2! 

3 

4 

5 

6 

7 

8 9 

45 

6532 

6542 

6551 

6561 

6571 

6580 

6590 

6599 

6609 

6618 

1 

2 

3 

4 

5 

6 

7 

8 9 

46 

6628 

6637 

6646 

6656 

6665 

6675 

6684 

6693 

6702 

6712 

1 

2, 

3 

4 

5 

6 

7 

7 8 

47 

6721 

6730 

6739 

6749 

6758 

6767 

6776 

6785 

6794 1 6803 

1 

2 

3 

4 

5 

5 

6 

7 8 

48 

6812 

6821 

6830 

6839 

6848 

6857 

6866 

6875 

6884,6893 

1 

2 

3 

4 

4 

5 

6 

7 8 

49 

6902 

6911 

6920 

6928 

6937 

6946 

6955 

6964 

6972:6981 

1 

2 

3 

4 

4 

5 

6 

7 8 

50 

6990 

6998 

7007 

7016 

7024 

7033 

7042 

7050 

70597067 

1 

2 

3 

3 

4 

5 

6 

7 8 

51 

7076 

7084 

7003 

7101 

7110 

7118 

7126 

7135 

714317152 

1 

2 

3 

1 3 

4 


6 

7| 8 

52 

7160 

7168 

7177 

7185 

7193 

7202 

7210 

7218 

7226 7236 

1 

2 

2 

3 

4 

5 

6 

7 ! 7 

53 

7243 

7251 

7259 

7267 

7275 

7284 

7292 

7300 

730817316 
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QUANTITATIVE CHEMICAL ANALYSIS 
Table XIV. — Antilogaiiithm.s 
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Table XIV.— 
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Absorbing agents of gas analysis, 136 
Acid mixtures, problems on, 105 
titration of, 102 

Acid oxalates, equivalent weight of, 
114 

Acidimetry, calculations of, 70 
Alkalimetry* calculations of, 70 
Ampere, definition of, 42 
Atomic weights, calculation of, 37 
definition of, 38 
problems on, 40 
Avogadro’s law, 131 

B 

Balance, sensitiveness of, 16 
Balance weights, calibration of, 18 
Boyle’s law, 129 

Bromate, equivalent weight of, 111 
C 

Calibration of measuring instru- 
ments, 61 

Calibration, problems on, 64 
Carbonate mixtures, titration of, 92 
Charles’ law, 130 

Chemical factor, application to per- 
centage comi)utations, 25 
definition of, 22 
problems on, 24 
application of, 26 
definite relation between, 
86 

Chlorate, equivalent weight of, 111 
Combining weight, definition of, 38 
Combustion methods, 136 
Concentration, means of expressing, 
66 

percent ag(‘ composition, 66 


Constancy of composition, law of, 20 
Constituent, elimination of, 48 
introduction of, 48 
Coulomb, definition of, 42 
Cubic centimeter, definition of, 23 

D 

Dalton’s law, 130 
Definite proportions, law of, 20 
Dichromate, equivalent weight of, 
109 

Digit, definition of, 2 
Double indicators, problems on, 97, 
101 

Dulong and Petit, law of, 38 
E 

Electrolysis, analysis by, 42 
problems on, 45 

Elimination of constituent, jwoblems 
on, 50 

Empirical formulae, calculation 
52 

problems on, 56 

Equations, calculations from, 20 
problems on, 15 
purpose of, 9 

writing and balarunng of, 9 
Equivalent weight, definition of, 23, 
68 

weights, applied to aeidiineiry 
and alkalimetry, 70 
applied to oxidation and 
reduction, 106 
to precipitation metlu n Is . 1 25 
problems on, 71 
relation to indicator used, 9! 
Erg, definition of, 44 
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Factor weiglitv sample, definition of, 
27' 

problems on, 29 
Faraday, definition of, 43 
Faraday's laws, 42 
Fuming sulphuric acid, titration of, 
103 

G 

Gas absorption methods, 135 
Gas analysis, calculations of, 129 
divisions of, 131 
fundamental laws of, 129 
problems on, 133, 141 
Gas volumetric analyses, 133 
Gay-Lussac’s law, 131 
Gram-atomic weight, definition of, 
38 

Gram-equivalent weight, definition 
of, 69 

Gravimetric analysis, calculations 
of, 20 


Joule, definition of, 44 
L • 

Liter, definition of, 61 

M 

Measuring instruments, calibration 
of, 61 

Methyl orange, action with bicar- 
bo nates, 92 

Milliequivalent weight, definition of, 
69 

Mixtures, determination of com- 
ponents of, 87 

Mohr liter, calculation of, 63 
definition of, 63 

Molal concentration, 67 

Mole, definition of, 21, 67 

Molecular formulae, calculation of, 
52 

N 


H 

Hydrogen peroxide, equivalent 
weight of, 1 14 
structural formula of, 115 

' I ^ ■ 

Indicators, problems involving two, 
92 

relation to equivalent weight, 
91 

sensitiveness of, 89 
Indirect analyses, 34 
problems on, 36 

Introduction of a constituent, 48 
problems on, 50 

lodate, equivalent weight of, 111 
Iodine, equivalent weight of, 110 
Isomorphic replacement, 54 
problems on, 58 


Nitric acid, equivalent weight of, 110 
Normal concentration, 68 

solution, definition of, 69 
solutions, problems on, 72 
temperature, 61 
value, definition of, 69 
Normality, definition of, 69 

determination of by titration, 
, ■ 77 ■ ■ ' 

from quantitative preparation, 
77 

of mixed solutions, 75 
problems on adjusting, 75 
on determining, 77 
on mixed solutions, 76 
Number, definition of, 2 

0 

Ohm, definition of, 44 
Ohm’s law, 44 
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j 

I 
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Oleum, titration of, 103 

Oxalates, equivalent weight of, 114 

Oxalic acid, equivalent weight of, 
113 

structural formula of, 113 

Oxidation, definition of, 10, 106 
problems on, 119 
reduction processes, calculation 
of, 116 

P 

Percentage purity, determination 
from titration values, 80 
problems on, 84 

Permanganates, equivalent weight 
' of, 108 

Peroxides, equivalent weight of, 114 

Phenolphthalein, action with car- 
bonate, 92 

Potassium acid oxalate, equivalent 
weight of, 114 

Potassium dichromatc, equivalent 
weight of, 109 

Potassium permanganate, equiva- 
lent weight of, 108 

Potassium tetroxalate, equivalent 
weight of, 114 

Precipitation methods, calculations 
of, 125 

problems on, 126 

Precision of measurements, prob- 
lems on, 6 

Problems, acid mixtures, 105 
adjusting normality, 75 
application of chemical factors, 
26 

atomic weights, 40 
balancing equations, 15 
calibration, 64 
chemical factors, 24 
definition of the relationship 
between factors, 86 
double indicator, 1)7, 101 
electrolysis, 45 
elimination of constituent, 50 
empirical formulae, 56 


Problems, equivalent weight, 71 
factor weight sample, 29 
gas analysis, 133, 141 
indirect analysis, 36 
introduction of a constituent, 50 
involving normal solutions, 72 
isomorphic replacement, 58 
miscellaneous, 145 
normality from data, 77 
of mixed solutions, 76 
oxidation and reduction, 119 
percentage purity, S4 
precipitation methods. 126 
precision, 6 

proportions in pure in ixtiires, 88 
of pure mixtures, 88 
ratio of reacting volumes, 73 
reacting volumes, 73 
reported percentages j 50 
volumes of reagents, 33 
weight conversion, 19 


Reduction, dejdnition of, 10, 106 
Reduction, problems on, 119 
Reliability of results, factors influ- 
encing, 1 

means of expressing, 2 
Reported percentages, calculations 
from, 48 
problems on, 50 

S 

Saturation methods, calculations 

of, 125 

Sensitiveness of indicators, 89 
Significant figure, definition of, 2 
rules governing use of, 2 
Sodium tetroxalate, structural for- 
mula of, 112 

Sodium thiosulphate, equivalent 
weight of, 112 

Solutions, adjusting to d(*sired nor- 
mality, 74 

methods of standardizing, 77 
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Solutions, normality of mixtures, 75 
ratios of volumes of, 73 
Specific heat, definition of, 39 
Standard solutions, 66 
Sulphur, equivalent weight of, 115 

T 

Thiosulphates, equivalent weight of, 
112 

True liter, calculation of, 61 
definition of, 61 

V 

Valence changes in analytical work, 
14 ■ 
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Vapor pressure, correction for in gas 
analysis, 132 
Volt, definition of, 44 
Volume of reagent, calciilatioii of, 
30 

problems on, 33 

Volumetric analysis, divisions of, 
69 

W 

Watt, definition of, 44 
IVeighing, reduction to vacuo, 16 
Weight conversion, problems on, 
19 

Weights, calibration of, IS 



